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CHAP. I. 

'Definitions and Affe^ions of Triangles. 
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F Triangles there arc two kinds, Vlain 
^nd Spherical J either of which coniilts 
of fix Parts; oamely, Three Sides, aixi 

as many Angles, as ia the Figure ABC^ 

the three Sides are AB, AC and 

CB; and the three Angles are 

ABQ ACE, and BAG. Where 

Kote, That if an Ai^le be ex- 

prels'd by three Letters, the mid- 

dlemoft Letter refpedeth the 

Angular Point If I would ex* 

prefs the Angle C, I woold fay ACB, or BCA j and 

the Angle B isexprefled by ADC, or CBA. 

2. Any two fides of a Triangle are called the con- 
taining fides of the Angle contained, or comprehended 
between them, as the fides AB and AC are the con- 
taining fides of the Angle BAC. 

30 JBvery fide of a Triangle is the fubtending fide 
of that Angle which is oppofite unto it. As id the 
rriangle ABC, the fide ABfubtends the Angle ACB» 
and AC fiibtends the Angle B. Where Kote, The 
greatest Side always fubtends the greateft Angle^ 






t Tlain Trigonometry. Part Xi 

theleaft Side the leaft Angle, and eqaal Sides iiibtend 
equal Angles. 

4* The Meafure of an Angle is the Arch of a C!r« 
cle, defcribed upon the angolar Point, and intercepted 
between the two Sides containing the Angle. As la 
the Triangle ABC, the Meafnre of the Angle ABC 
is the ArcnjOP. 

5. Every Circle is divided into 360 degrees, and 
every degree into 60 minutes, and every minute 
into 60 ieconds, &c. which degrees are fo much the 
greater, by how much the Circle is greater ; and the 
Arches which contain the fame number of Degrees ia 
equal Circles are equal, but in unequal Circles they 
are •<!!rm'd like Arches. As the Arches CF and DB 
are equal, being equal parts of the fame Circle. Bui 
the Arches CF and OP are liice Arches ; that is, as CF 
contains 40 parts in the great Circle, fo is OP 40 
parts in the lefler Circle FOG. See the following 
Figure. 

6. AQoadrant (or 
Qparter) of a Circk 
is an Arch of 90 De« 

trees, as the Qjia^ 
rant HP. 

7. The Comple- 
ment of an Arch left 
than' a Qiiadrant, Is 
fo much as the Arch 
wanteth of a Qpa^ 
drant; as the Com- 
plement of the Arch 
CF 40 Degrees, iathe 
Arch CH 50 Degrees. 

S. The Semi-circle is an Arch of 180 Degrees. 

9. The Complement of an Arch to a Semi-circle^ 
is fo much as that Arch wants of 1 8o.degrees« As 
the Complement of the Arch DHC 140 degrees, is CB 
40 degrees. 

lo# The 




Cliap,' I . ^latn Trigommetij^ j 

10. Tbe oppofite Angles made b7 the crofljog of 
two Ufles are equal, as toe Angle DBE is ecoal to tb« 
Aj}gle AB& 

1 1. Ao Angle is either Rigbt or QUiqae. 

12. A right Angle is that whofe Meafure is po de- 
grees, as FBH. 

i3« An oblique Angle is either Acute, or Obtnfe. 

14. Aq acute Angle is that whore Meafoie is left 
than 90 degrees i as the Angle ABC, or the Angle 
ACE. 

15. An obtufe Angle is that whofe Meafure is more 
than 5K> degrees, as the Angle DEC 

16. All Angles coming (or meeting) together la 
one point upon a right Line ; all of them taken to- 
gether are equal to two right Angles, as the Angles 
DBH, HBC, and CBA meeting all together in the 
point B, upon the Line DF, are equal to two right 
Angles DBH, HBF. 

17. A Triangle hath fbme of its Sides equal, or 
rife tbe7 are aU unequal. 

18. A Triangle of fome unequal Sides, is either 
Eqoicrural, or Equilateral. 

tp. Aa E^uicrural ("called alfo an Ifofceles) Tri- 
angle, is equiangled at the Bafe. And if a Perpen* 
dicular be let fall from the meeting of the equal Sides, 
it cats the Bafe and the Angle oppofite thereunto into 
two equal parts ^ as 10 the Equicrural Triangle DLC, 
the Perpendicular DA cuts the Bafe CL into two equal 
parts in A^ and alfo biflfedeth the Angle CDL. 

20. An Equilateral Triangle is that whofe Sides are 
9U equal, and whofe Angles contain each 60 degrees* 

21. A Triangle is Right-angled, or Obliqae-aoglcd. 

22. A Right-angled Triangle is that which hath 
one right Angle, as the Triangle CBA Right-angled 
yt A. (See the former figure.) 

^3* An Oblique-angled Triangle is that which 
hath all its Angles Oblique, as tbe Tiriangle BDC« 

B 2 ^4- Aii 
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24. An obliaacranglcd Triangle iS either acute 

angled, or obtole angled. . . t %. tu -w 

25. An acute angled Triangle is that which hath all 

its Angles acute, as the Triangle BDE^ ^ 

25. An obtofe angled Triangle is that Which llath 
one Angle obtufe, as. the Triangle CDB, obture 

angled at B. . , . \i. •_ 

27. All equiangled (or like) Triangles have Aeir 

Sides about the equal Angles proportional, {fi«el» 

^ Let ABC and t)EF be 

two Triangles equiangled, 
fo as the Angles at B and 
D, at A and "E, and alfo it 
C and F,be equal one to ajao- 
ther, each to its correfpoa-, 
dent) thcnilayitwillbe, 
AsAB:BC::DE:DEr 
AsAB«AC::DE:EF. 
As AG : CB : : EF : DF. 
28. If any one Side of a 
plain Triangle be continued, 
the outward Angle (made hf 
that Continuation) is equal 
to the two inward and opp(>- 
lite Angles in the fame Tri- 
angle, (EveU Lib. 1 . Pr. 32.) As in the Triangle ABC, 
the Side CB, being continued to D» I lay, the Angle 
ABD is equal to both the Angles, at A and C. 

29. The three Angles of every plain Triangle, are 
together equal to two right Angles, {Encl. lab, i, 
Pr. 32.) 

Jnifrtm betttt will foiov theft CtrolUrietl 

1 . That there can be but one right, or one obtufe 
Angle in any plain Triangle. . 
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2. And 
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Chap. 2.^ Tyin Trigonometry. 5 

2. And if one Aog^e be either riglit or obtafe, the 
other two ihall be acute. 

3. That the third Angle of any plain Triangle, is 
the CoQiplement of the other two, to two right 

4* That if two Triangles be eqaiangled in any two 
of their Angles^ they are wholly eqaiangled. 
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CHAP. 11. 

Concerning Sines j Tdngents^ dnd Seunts^ iy which 
the Angles of Right- lined^ and Sides and Angles 
of SfhericalTridngteSy 4re meafured. 

y.npiHE Menfuration of Triangles is by knowing 
X ^^7 ^hrcc of the fix Parts (^nde i. efChsp. i .) 
whether Sides or Angles, or both, to find out any of 
the other parts of the Triangle whether Sides or 
Angjles. 

. 2. And this is performed by the Rule of Proportion 
(commonly, and defervedly called the Golden Rule of 
Aritbmetick) which te^cheth of four Numbers pro- 
portioned one to another, any ^hree of them being 
given, to find out the fourth. 

^. ^ that for the Meafuring fwbich is alfo call^ 
the Refolving) of Triangles^ there muft be certain 
Proportions of all t|ie' parts of a Triangle one to 
another^ and tboi^ Proportions explain'd in Kumbers. 
But the certain Ifiqowledge of the Proportions that 
all the parts of a Triangle have one to another, is 
hot yet known ^ for timt every crooked Line in ^ 
Triangle (as the Meafures o£ fhe Anglc^ in the 
Right-lined, ^nd the Meafures . of Side? and Angle* 
in a Spherical Triangle arc) ipuft be reduced to a 
Right Lme, a Proportion for which was never yet 
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drant.) For the right Sines of Arches more or kf$ 
than a Quadrant are the fame (by the pth above.) 

Note, The Xal^t^s of Sines, Tangents, and Secants 
made #rom the Circle, agreeable to the Lines above 
defcribed, are to be anderftood of natural Sines^ 
Tangents, and Secants; whofe ufe in the Solution of 
Trian]gles was performed by Multiplication and Divi- 
lion : but the Tables now in ufe (fometimes called the 
Canon of Triangles) are thofe which were invented 
by Qiy Lord Neper^ Baron of Mdrchifion in Scotland'^ 
about the year i6ii* which Canon confilts of Artifi- 
cial or Logaritbmical Sines, and Tangents; and per- 
formeth the fame by Addition andSubtraftion, which 
the natural Canon did by Multiplication and Divi- 

Hon, 

. Having given a fliort Defcription, or Definition of 
Sines, Tangents, &c. I ftiall here fliew the Fabrick^ 
or Geometrical Conftrudion of thofe and other Scales, 
commonly ufed in projeSing the Sphere in Piano, and 
in Trigonometry, Navigation, Dialling, and other 
parts of pradical Mathematicks, as they are deduced 
from a Circle. 

T. Upon a Sheet of fine Paftboard, or fuch like 
IMatter, defcribe a Semicircle of any Radius, as OR i 
upon the Center Oi and Diameter SV, defcribe the 
Semicircle SRV, arid divide the two Qjiadrants ORV, 
and OSR, each into' 90 Degrees ; and number them 
from S and V to R, by |0, 20, 30, &c. to j>o, as ia 
the Figure. ' ; 

2. If you lay a Ruler from 10 in one Quadrant to 
tointheother,itwillcut the Line OR in 10 ^ and be- 
ing laid from 20 to 20, it will cut OR in 20 ^ and fo 
from 30 and .30, and 40 and 40, &c. till yon come..to 
pc at R : fo Ihafl OR .be a Line of right Sines. 

3. Upon the point S, creft ST perpendicular to 
SV i then laying a Ruler to the Center O, and to every 
;^o degrees in theOpadrant, draw Lines till they cac 

the 




t 



t 



J 






. 



fj 



K, 



Cjjapb It ^lainTrigdnotnetfjf] 9 

the Perpeodicalary fo ihall ST be a Line of Taa« 

4. Thofe Lines drawn from the Center to the Tan4 
gent Line dre called Secants^ which yon may transfer 
ittto the Line RE, by fetting one foot of the Com*-' 

SiTes in the Center O ; then ftrike an Arch from the 
tngents to the Line KE^ fo ihall RE be a Line of 
Secants. 

5. The Line SV (which is equal to twice OR) if 
a Line of verfed Sinea, and is no other bnt the Line^ 
of right Sines donbled^ as yon may plainly fee ; bat 
tbey are nombered from S to V by 10, zo^^ 30)40) &€• 
to 180 Degrees. 

6. The Line SR is a Line of Chords, the Degrees 
being transferred from the Qaadrant by fettSog one ^ 
foot of the Compafles in S, and drawing Arches from. 
the Arch of the Qaadrant to the ftreight Line ^R. 

7. The Rnmb Line is nothing elfe bnt a Line of 
Chords divided into eight Farts, by allowing 11^ 15^ 
to each part. 

8. There is mention made of half Tangents, (they 
' being nfefol in proje&ing the Sphere in Piano) which 
%\s fiothingbnt a Line of Tangents doable numbred: 

Xhns 5 Degrees being nombred with 10, and 10 with 
2p9 and 1 5 with 30, &c. fo 45 Degrees of the Tan« 
gents is 90 Degrees of Semi-tangents, equal to 90 
Degrees of the Sines, and to 60 Degrees of the Chords* 
Having thns laid the Foundation, I Ihall next pro« 
ceed to (hew the Refolotion of all plain or right-lin'd 
Triangles in as plain and familiar a Method as poQibly 
I can. 
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CHAP. III. 

Of tht Dimenfons of right angled Plain Tridrigles. 

IN the Solatioa of right angled plain Triangles, 
there art feven Cafes, the refoivlng of which de« 
pends itpoa this following 

ft 

AXIOM. 

In every plain right angled Triangle, any of the 
three Sides (nay be put for Radius^ and then will the 
other Si^es be as Sines, Tangents, or Secants. 

« Thus in the three Triangles ABC 

T. If you pat BC fabtend-*' 
ing the Right Angle for Ra- 
dius, the Sides CA, and BA 
including the Right Angle, 
are Sines of theoppofite Ang- 
les B and C (by the 4th Def; 
of Cbap« I. and the 9Ch aad 
lothof Chap, a.) 

2. If yon pot the greater of 
the Sides including the Right 
Angle BA for Radios } tbea 
the lefier Side AC will be 
the Tangent of the Angle B, 
(by the 15 Def. of Chap. 2.) 
and the Hypothenofe BC is 
the Secant of the faid Angle 
B, (by the i tf Def. of Chap, z.) 

3. If yoo put the lelTer of 
the two Sides including the 
Right Angle CA for Radios ; 
the greater Side including the 
Right Angle B A is the Tan^ 




£afe.Bad 




!fiUig^Qft 
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gent of tbe greater acate Aagle (by 1 5 Def. Chap. 1.) 
and tbe Hypothenofe BC is the Secant of the fame (by 
Def. 16. Chap. 2.) 

Nm frpm this jtxicm fotlowitb this ConfeSlary : 

That io all riglit angled plain Triangles, the Angles 
being given, the Reafons of the Sides are alfo givea 
three ways. And confequcntly. 

If one Side be given, befides the three Angles, every 
of the other Sides are given by a threefold Proportion, 
according as yon put this, that, or the other Side for 
Radius. 

Tbele things being premifed, I will now pr^eed to 
the SolatioB of tbe feveral Cafes. 

CASE r. 

Th two icute Angles B and C, and the Ba/e B J^ 
being given^ to find the Perpendicular C A. 

^. Bf mating the Hypothennfe BC Radios; 



As s. of tht ^ at the Perpend. 56^ 1 5' 
Is to tbe Log. of the Bafe AB 121.394 
Soistbes.c^tbe^at theBafess'' 45^ 



9.9198454 

2.0841 992 
9*7447390 



>«^ 



ii.828938> 



7*0 the Log, of AC the Perpend. 81.113 1.9090918 




X»>3M 



And 
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And tbast by adding tbc fecond and third Terms ig 
tbtPropootiontogetber^tbeSumis 11*8289382} from 
^hich fubtrad tne firO; Term 9'9i9^46^ and the 
Remainder is 1.9090918, tbe Logarithm of ^1.113^ 
which is the Perpendicqlar AC required. 

Bat where Radius is not in the Proportion (as in 
this Bxample it i^ not) it may more readily be done by 
Addition only ^ JFof if ioftead of the firft Term yoa 
let its Arithmetical Cornplement^that is only to write 
db^wn what each Figure wants of 9, thus the Arithme^ 
tical Complement of p.91 98464 (the firft Term) is 
0.0801536, (which is the fame thing as fubtrading 
it from lo) then ad9 all the three Terms together* 
the fiim (abating Radius) Ihall anfwer the Qfieftion. 

JUtt the fame Example be again repeated. 

AstbeSrofthe^flC 56'' 15'/ At.Comp. 0.0801535. 
Is to the Bafe B A 121.394 X^og^ f. 0841 993^ 

' Soisthes. of the -^633*45' p.744739<> 

To the Perpend . AC 8 1 . 1 1 3 i .90909 1 8 



>fc»i 



Here I add, all the three Terms together, and whea 
I come to the Charaderifticks, the funi is 1 1 ; and (be« 
caufe Radhis is 10) I caft away 10, and fee ^own onlf 
tbei. 

Ncte^ That s. ftands for Sine; c. s. for Co- fine; t« 
for Tangent; c. t. for Co- tangent; fe. for Secant^ 
c. fe. forCo-fecaht-: And •^/^'•fetover Figures, ftand 
for degrees,' minntes, feconds ; and ^ ftands fo^. 
Angle. 



^- By 



7 -" 
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2. By makiog the Bafe AB Radios^ 



n 



Radios 4^^ 
Is to the Bafe BA 121.394 
So is the t. of ^B 33^ 45* 

tTo the Perpend. AC 81.113 



10. 

Z-o84ifiai 



1.90909 1 8 * 




J27:»4* 



Here 1 add the two laft Terms together, and wt oi 
the Som I mentally fabtraft 10 for Radius^ beaoft 
Radius is in the firft place. 

3. By making the Perpendicular AC Radius: 

As t. of the^ at thePerp. C S^"" ^S' 10.1751074 

Is to Radius 45'' io# 

So is the Bafe AB 1 2U3P4 2.0841992 



•iM 



Jo the Perpendicular AC 8i.ti) 



1.9090918 




Z2jr-3jH. A 



Here 



i 
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HereI<Qrft mentally add Radios or 10, to the laft 
Tcrni) and from the Sam fabtrad the Firft, the 
. Remainder is the Log. of the Anfwer^ the fame as 
before. 

To firfrrm the fsme Inftnunentally. 

t. By Scalt and Comfoffis. Always eiteod the 
Compalles from the firft Term to the Term that is of 
the fame kind^ whether it be the fecond, or third ; 
that extent will reach from the remaining Term to 
the AnfWer. Thas, in the firft Proportion, extend 
from $^ 15' to 33^ 45^ in the Line of Sines ; that 
extent will reach in the line of Numbers from 121.39 
to 8 r. 1 1 the Aofwer* In the (econd Proportion, ex- 
tend from 45"* to 33"* 45^ in the Line of Tangents; 
that extent will reach from 121.39 to 81. 11 m the 
Jine of Kambers. In fome Cafes it may be needfial 
to nfe Crofs-work, that is, to extend from the firft 
Term in the Line of Sines to the fecond in the Line of 
KomberSi or from the firft Term in Tangents to the 
fecond in Nambers, &c. bat I think in moft Cafes it 
is better to work by the Direftions above, except it 
be when the extent is too large for the Compafles. 

1. By the Sliding Rule. We will fuppofe the Line 
of Sines upon the Rule to be marked with SS, and 
the Line of Sines upon the Slider marked with S. 
Then the firft Proportioa will be thus work'd. Sec 
33^ 45' onS, to 56^ 15^ on SS-, then againft 121.39 
on A, is 8 1 .11 on B. (A fignifies the double Line of 
Numbers upon the Rule, and B the double Numbers 
upon the Slider.) The fecond Proportion you may 
work thus. Set 33° 45^ in the Tangents, to Radius; 
then againft 121.39 on A, is 8r.i i on B. Or if you 
turn the Slider fo as Tangents and double Numbers 
may Aide one by another, then you may fet Radius 
(viz.. 45^ of Tangents) to 121.39 in the Line of Noni- 
bers, then agaii& 33"* 4S' ^^ Tangents is 81.1 1 in the 

Line 
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Line of Nambers. The third Proportion^oa may 
yiqtk joft as yoa work this laft. ^ 

To d0 the [mu Geometrically* 

DraiN^Qire 
BA^ and from a 
Diagonal Scale^ 
or Scafb of e- 
qaal Patph take 
1 21*39 With yonr 
Compafles, and 
fet fromB toA, 
and upon A raife 
aPerpendicnlar; 
then take 60 de- 
grees from the 
Line of Chords with your Compalles, and fet ooe Foot 
in B, ftrike the Arch DB, and from the fame Line of 
Chords take 33^ 45^ and fet from D to E ^ and draw 
the Line EC till it cat the Perpendicular inC: then 
if yoa'meafore AC by the fame Scale you took BA 
from, yoD will find it 81.1 1 ^ and if yoo meafure BC^ 
yoo will find it 1^6. So will the next Cafe be alfo re- 
loived. 



I 

J 




CASE 



'».♦ 
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C A S E If. 

:%( tPfOdcut^ Angles B and C being given^ mti fhi 
.. • ^mfe BJj to find the Hyfothenufe BC^ 

tl By making the Hypothenofe Radios. 



As J. of the < C 56* 15' 5.9198454 
Is to the Bafe BA 121.394 2.0841992 
So is Radios 90"" 10. 



To theHypothenofcBC 146. 2.1543528 




J2f.39^ 



2« By making the Bafe Radios* 



As Radios 

To the Bafe BA 121.394 

So is the fc. of the < B n"" 45' 



10. 

2.0841 992 

10.0801536 

To the Hypothcnufe BC 146. 2.1643528 




ja/v3L» 



5- By 
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3. By making the Perpendicolar Radius; " ' -• '' 

A$ the t. of the ^ C 55° 1 5' Ar. Com. 9.8 24892^ ^ . "' 
To the Bafe BA 1 2 1 .394 2.o8'4.i om • * • 

Soisthcfcofthe^G io.25t26?o< 

To the Hypoth. BC 145 2.1 ($-43523 ^ 




J2J 3S^ 



% 

Noti^ The Secant of an Arch or Angle is the Arith- 
metical Complement of the Co-fine of that Arch, the 
Radius lo. being added : thus the Secant of 56"* 1 5' is 
the Arithmetical Complement of the Sine of 33* 45', 
and the Secant of 33"* 45' is the Arithmetical Com- 
plement of the Sine of 56^ 1 5', the Radius being 
added. 

By SfaU and Compajfesl 

To work the firft Proportion, extend the Cora- 
pafles from the Sine of 56^ 1 5^ to Radius or 90% that 
extent will reach from 121.39 to 146 in the Line of 
Kambers« 

Jiy the Sliding'RuU. 

Set Stf* 1 5' upon S, to 90° upon SSi then againft 
»2i.39 upon B, is 146 upon A. But if yon turn the 
Sider fo as Sines and double Numbers may Hide one 
oy another, you may fct 56^ 15' of Sines to 121.39 

C ia 
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iir tjie Line of Numbers : then againlt 90** of Sines 

" .youMl have 14^ in the Line of Numbers ^ and 700 will 

. alfo find 33*^ 45' of Sines to be againft 81 .1 1 of Nom* 

' bers/ So that yon. may obfervc, that if 90*" of Sin« 

[\ 4)e let to the greateft Side or Hypothenofc, you will 

P fin^, every Angle againlt its oppofite fide. 



1 • 



CASE III. 

The two acute Angles Band C, with the Hjpothenuje 
BC^ being given^ to find the Safe BJ. 



^ VN ' 



I . iBy making the Hypothenufe Radios. 



As Radios 90"^ 

Is to the Hypotbenofe BC 145 

So is s. of the -^ G 56° 15' 

TotheBafe 121.394 



10. 

2.1543528 
9.9198454 

2^841 992 




2. By 



r 
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2. By making the Bafe Radias. 

As fe. of the ^Bii'' 45' 
Is to the Hy pocheoafe BC 1 45 
So is Radios 90^ 



V9 



To the Bafe BA 121.394 



10.0801535 
2.1643328 
10. 



2.0841992 




3. By makiDg the Perpendioilar Radias. 

As fc. of the ^ C 56^ 15' Ar. Com. 9.74473SK) 
Is to the Hypotbenafe BC 146 2.1643528 

So is r. of the ^ C 56'' 15' 10.1751074 



'To the BafeBA 121.394 



2.0841992 




By Scale and Comfajfes. 

To ^^ork the fir ft Proportion. Extend the Com- 
palles from 90"* to 56^ 15^ in the Sines, that extent 

C 2 iwiU 



^v 
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will reach froin 146 to 121.394 in the Liae of Nam-. 
beYs< 

By the Sliding-RuU* 

Set %^ \ s' upon S, to 90° upon SS i then againft 
145 upon A, is 121.394 opoii B- 

5 Geomttrical TrotraBlcn* 

Draw the Line 

BC, and from a 

Scale of equalParts 

take 1469 and fet 

from B to C^ and 

upon C, with 60 

degrees of Chords, 

ftrike the Arch 

DE i and fet 56^ 

1 5' from E to D, 

and draw CA^aod 

from B draw BA perpendicular to AC: then if you 

meafore BA upon your Scale, you will find it to 

contain \2ui9* 




— -*.-..iD 



CASE 



Chap. 3. ^lain Trigonometry^ 



11 



V 



C A S E IV. 

The B^fi BJy and Perfendiculdr CA being given^ 
to find the two acute Angles B and C 

I. By making the Bafc Radlai: 

AstheBafe BA 121.394 

Is to Radios 45"" 

So is the Perpead. AC 8 1 . 1 1 3 

To the t. of the ^ B ss"" 45' 



2.0841992 
10. 
1.9090918 



9.8248926 



y/hoie Complement is 55 15 the ^ C 



S 




J2J'394^ 



2. By making the Perpendicular Radius. 

As the Perpend. C A 8 1 . 1 1 3 i .90909 1 8 

Is to Radius 45'' 10. 

So is the Safe BA 121.394 2.0841992' 



Tot. 6fthc-ci::Cs$'' ly 



10.1751074 



JVhoIc'Complement is 33*" 45' the ^ B. 

c 




By 



I 
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By Scale and Cemfdffes. 

To work the firft Proportioa, extend the Compafles 
from 121*394 (the Bafc) to 81.113 (the PcrpendO in 
the Line of lumbers, that extent will reach from 
45° to if 45' in the Tangents. For the fecond Pro- 
portion, extend from 8m 13 to 121.394 in the Line 
of Numbers, that extent will reach from 45^ to 56^ 
1$' in the Tangents. 

By the SUdihg-Rule* 

Let the Tangents and Numbers Aide together,* 
then fet 121.394 in the Line of Numbers to 45** of 
Tangents \ and againft 81.1 13 in the Line of Numbers 
^^if 45\ and alfo its Complement 56^ 1 5^ in the Line 
of Tangents. 

This Cafe is performM Geometrically, as the fixth 
Cafe following. 



C A S E V. 

The Bafe BAy and the Hjfothenufe BC being giveny 
to find the two acute Angles B dnd C- 

I. By making the Hypothenufe Radius, 

As the Hypothenufe BC 146. 2,1543528 

Is to Radius 90^ 10. 

So is the Bafe BA 121.394 2.0841 991 

To the s. of the ^ C S<S' 1 5' 99i 9^^i 



y^hofc Complement 33" 45' is the ^ B. 

c 




J2J-394> A 



2. By 



chap. l» ^la'm Trigonometry, 



M 



2. By makiog the Bafe Radias. 
As the Bafe BA 1 21.39^ 2.0841992 

Is to Radius 90" 10. 

So is tbe Hy potheaufe 1 45. 2. 1 54; 5 a8 



- . * 



To the fe. of the ^ B 33^ 45' 



1G.0801535 



By Scale and Compaffcu 

For the firft Proportioo, extend the Compaflcs 
from 146. to 121.394 in the Line of Numbers, that 
extent will reach from 90** to 56"* i j' in the Sines. 

By the Sliding Rule. 

Set 145 opon A to 121.394 upon B, then agalnft 
Radios on SS, is 56^ 1 5' on & 

By Geometrical PretraSion. 

DrawtbeBafeBA, 
and from a Scale of 
equal Parts , take 
121*39, and fet from 
B to A, and upon A 
raife tbe Perpendicu- 
lar A C : then from 
tbe fame Scale of e- 

qiial Parts take 145, ^ 

and fet one foot of B I> A 

the Compafles in B, with the other crofs the Line AC 
in C, and draw the Line BC. Then with ed" of 
Chords ftrike the Arch DE, then take DE in your 
Compafles, and mcafure it in the Line of Chords i and 
you will find it to contain 33° 45', which is the mea- 
furc of the Angle B, whofe Complement is the Angle C. 




C4 



CASE 



H 
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CASE VI. 

The Bdfe BJy and Perpendicular CA being giveity 

to find the Hjpothenufe BC 

THIS and the following Cafe do require two 
Operations, the firft to find the acute Angle, 
' and the fecond (frona thence) to find the third Side. 

I. Operation, the Perpend. AC Radius. 

As the Perpend. CA 8 [.113 1.90909 18" 
IstotheBafe BA 121.394 2.0841992 
So is Radius 45"^ 10. 



^Cafe4.Pr.2 



^Tb the Tangent of the Ang.? ^ f 
C 56^15^ ^Jio.i75io74j 




2. Operation, the Hypothenufe BC Radiu?; 



As the s. of the -i^ 056** 15^ 
Is to theBafe BA 121.394 
S6 is Radius 90^ 



9.91984^4' 
2.08419921 



10. 



Cafe 2. Pn I, 



To the Hypothenufe 14.5 2,1^43528, 



sjf 



■«• 



n 
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By Scale and Ccmfaffcs. \ 

Extend the Compailes from 81. 113 to 121.39 t^ / 
tbe Line of Nnmbers, that extent will reach from 45'' ^^ 
to %^ I %' in the Line of Tangents j then extend from / 
56^ 1 5^ to 90"" in the Sines, that extent will reach from 
1 2 1 .394 to 1459 the Hypothenufe required. 

By the Stlding^Rule* 

« 

Set 81.113 in the Line of Numbers to 45^ in the 
Tangents, then againft 121.39 in Numbers is 56^ 15^ 
in the Tangents ; then fet 56'' 1 5^ on S^ to 90 on. SS i^ 
then againft 1 2 1 .39 on B is 1 46 on A. 

By Geometrical Profrallhfti 

Draw the Line BA, 
and from a Scale of 
equal Parts take i2i« 
394 with your Com- 
pares, and fet from 
B to A, and upon A 
raife the Perpendicu- 
lar AC i and from the ] 
fame Scale take 81 • 
113, and fet from A to C : then draw the Hypothe- 
nufe BC, and take BG in your Compafles, and mea- 
fare it upon your Scale, and you will find it 146. If 
yon take 60'' of Chords in your Compafles, and fet one 
foot in B, and with the other ftrike the Arch DE, 
then if DE be meafured in the Scale of Chords, you 
will find it 33"" 45^ the Angle B, whofc Complement 
56^ 1 5' is the Angle C. 




J^^29^ 



pASE 
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^f, CASE VII. 

/'The Btffe BJ^ Mid the Hypothenufe EC beinggiven, 

to find the FervendieuUr, 



* *i 



1. Operation, Hypothenufe Radios. 



As the Hypotheaofe BC 146. 

Is to Radius 90^ 

So is the Bafe BA 121.35^. 

To the Sine of -^C 56'' 1 5' 
\ Wbofc Complement is -<^ B 33* 45' 



21^43528 

10. 
2.0841992 

9.91 984(^4 




J2J'39^ A 



2. Operation, Hypothenufe Radius. 



As Radius 90® 

Is to the Hypothenufe BC 145 

So is the s, of ^ B 33^ 45' 

To the Perpendicular AC 81.113 



10. 

2.1543528 

P-7447390 



1.9090918 



This Ca(e may be otherwife refolved, thas. 

Find the fam and difference of the Bafe, and Hypo- 
thenufe ; then multiply the Sum and Difference" toge- 
ther, aad out of the Produd extraft the fquare Root, 
and that (hall be the Perpendicular. By Logarithms 
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yon may add the Logarithms of the faid Sum and Dtfic« 
rence together, half the Sam thereof ihali be the Logb 
of the Perpendicolar) thus. 

Hypoiheuufe 14^ 
TheBafe 121.394 



u 



The Sum 2<^7-394 Log. 2.4271516 

■ ■ 4 

TheDifierence 24.606 Log. 1.3910308 



Their Sum 3.81 8 1824 

half Sum 1.9090912 

This is the Log. of 8 1 .1 1 3 the Perpendicular, which 
is the lame as before. 

Sy Scale 4nd Comfajfes. 

For the firft: Operation, extend the Compafles from 
I4j6. to 121.394 in the Line of Numbers, that extent 
wlU reach from 90* to 56** 1 5' in the Sines. Then for 
the fecond Operation, extend from 90"" to 33"" 45' in 
the Sines, that extent will reach from 146 to 81.113 
in the Line of Numbers. 

« 

By the Slldlng-RnU. 

For the firft, fet 146 on A to 121.394 on B, then 
againft 90^ on SS, you will find 56^ 1 5^ on S. Then 
for the fecond, fet 90"" on SS to 33^ 45^ on S, and a* 
gainft 146 on A, is 8i,i 1 3 on B. 

By Geometrical ProtraOlon. 

Draw the Line BA, and from your Scale take 121. 
394t AAd fet from B 10 A, and upon A raife a Perpen- 

* dicular ; 



• 

^ 



J-* 
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^^dicalar : then from your Scale take 1 4^^ and fet one 
^>» >« foot of the Compafles in B, croff the Perpendicular 
"^4n C, and meafure AC upon youf Scale, and you vrill 
find it to be 8m 13. 




B 




J2J 39^ 



CHAR IV. 



Of the Dimenfion (f Oblique angled PhinTrUngles. 



IN the Solution of Oblique angled plain Triangles; 
there are but Five Cal^s, the refolving of which 
depends upon the three following Axioms. The firfl: 
of which (erves for the refolving of the firft and fecond 
Cafes. Thft fecond for refolving the third and fourth 
Cafes. And, the third is appropriated only to the 
fifth and laft Cafe. 

I (hall firft explain ^nd demonftrate the faid Axioms, 
and then proceed to the Refolution of the Cafe% 
thereby. 

AXIOM I. 

In every plain Triangle (as well right as oblique 
angled) the Sides are in proportion one to the other^ 
as are the Sines of the Angles oppofite to thofe Sides^ 
& contra* 
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Cwfiruaicn. Let the Triangle ABC be iafcribed U^^ 
a Circle, and from 

the Centre D let C^ •^r 

there be drawn the 
federal Radii DE, 
FD, DG, perpen- 
dicular to the re- 
fpeCtiVe Sides of 
the Triangle; fo 
will tbey biflfed as 
well the feveral 
Arches AEC, CFB, 
and BGA, as their 
SobtenfesAC, CB, 
and BA: and let 
there be alfo drawn the Radios DC 

Dcmonftratiort. Now becaiife the Angle at the Cen- 
ter EDC, is equal to the Angle in the Periphery ABC; 
and CDF at the Center, equal to CAB (by End. 3. 
lAb. 20 Pr,^ therefore fhall the halves of the Sides be 
as Sines: and what proportion the Side CA hath to 
the Side CB, the fame Ihall the Sine CH have to the 
Sine CK : for what proportion the whole hath to the 
whole, the fame proportion hath the half to the half, 
which was, &c. 




iC 



^^ 



■« 



And from this Axiom follow thefc Confedlaries; - 

!• Ifthe Angles of a Triangle be given, the reafoa 
of the Sides is alfo given. And confequently. 

If one Side be given bcfides the Angles, both the 
other Sides are alfo given* 

2. If two Sides of the Triangle be given, with aa 
Angle oppofite to one of them, the Angle oppofite to 
the other of them is alfo given. 



CASE 



L 
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* • 

: CASE I. 

..J 

^ jiT.ai Thf Angles Mi one Side being given^ to find the 
tf * other two Sides. 

; **• In the Triangle ABC (in the Figure above) there 
4ire given the Angles GAB 6%'' io\ andCBAs?'' 30'^ 
and the Side AC 350 ^ and ic is required to find the 
/Side BC. 

• JAs the 8. of the -^ CB A 37* 30' Ar. Com. 0.21 55529 

Is to the Side AC 350 2.^440680 

• So is the s. of the ^ CAB 61'' 30^ 9.9479289 

To the Side BC 509.975 2.7075498 

Fer the Side AB. 

As the s. of the ^ GBA 37** 30' Ar. Com. 0.21 55529 
Is to the Side AC 350 2.5440680 

So is the s. of the ^ ACB So** 00' 9-993351 5 

To the Side AB %66. 203 ^-7529724 



i» 



By Scale and Comfaffes* 

For the firft Proportion, extend the Compafles 
firom 37"" 30' to 62^ 30^ in the Sines ; that extent will 
reach from 350 to 509.976 in the Line of Numbers. 
For the fecond Proportion, extend from 37'' 30' to 
80^ 00^ in the Sines \ that extent will reach from 350 
to 566.203 in the Nambers« 



»y 
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Sy the SUding Rule, 



?l 






For the firft Proportion : Set 37* 30' 00 S to 6x^ 
i& on SS» then agatnft 350 on B is 509.976 on A/f 
For the fecond Proportion : Set 37'' 30' onS to So** 
on SS i tbenagaioft 350 OQ B is 566.203 on A. 



''?.- 



By Geomitrlcsl PrcttMBion. 



t# 



Draw the Line AC, and from yoar Scale take 350^ 
with yoor Compafles, and fet from A to C ^ tbea. 
upon A with 60'' of Chords ftrike the Arch Cc^ 
and take 62^ 30^ from the Line of Chords, and fee 
from C to c, and draw the Line AB thro the point c : 
then again with 60^ of Chords, one foot of the Com- 
paffes in C, ftrike the Arch A s^ and take 80° oat of 
the Line of Chords, and fet from A to 4 ; and thro 
the point 4 draw CB, which will cut the other Line ia 
the point B, the other Angle of the Triangle. And 
if yon meafure the Line A B in yonr Scale, you will find 
it 566.2, and yon wiD find CB near 5 10. 







CASE 
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CASE II. 



.•^ 



;» 



l\ TlPO SideSj with m Angle offofite to one of then^ 
. * being given^ to fnd the Angle offofite to the 
other rf them. 

*-» rt Let the two Sides 

AC and BC, and the 
Angle CAB^ oppolite 
to the Side CB, be 
given, and let the 
Angle B (oppofite to 
the Side AC) be re- 
quired. 

As the Side BC 509.97* Ar.Com. 7.2924502 
Is to the s. -^ A 62® 30' 9.9479289 

So is the Side AC 3 50 2. 5440680 




•■ 



Jo the s. of the ^ B 37*' 30' 9.7844471 

Or if the two Sides AB and BC, and the Angle A 
oppofite to the Side BC, had been given, and the 
Angle C had been required i then, 

As the Side BC 509.975 Ar. Com. 7.2924502 
Is to the s. ^ A 62° 30' 9.9479289 

So is the Side AB 566.203 2.7529724 

Jo the s. of the <: C So"* 00' 9*9933 5 1 5 

Nctey In this Cafe there may a doubt arife : for 
if two Sides be given, whereof one of them is 
the greatelt Side, together with the Angle op^ 
pofite to the lefler of the two given Sides, and 
the Angle oppofite to the greater of the given 

Sides 
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Sides be demanded (as io the la(t Qaeftion^ ic 
will be doobtfal whether the Angle fooad be 
Acute or Obtufe ^ for that the fame Sine found in 
the Canon doth anfwer to both, fo it may be 
doubted whether the Angle found ia the lail: 
QoeftioQ was 80 or 100 (viz,, its Complemeot 
to 180.) Nof can this donbt be cleared better 
than by a true delineation of the Triangle, or 
dfe by finding the third Angle. 

By ScmU and Compsjfcs. 

For the firft Qpeftion, extend the Coropaflcs from 
'509.975 to 350 in the Line of Numbers j that extent 
will reach from 6i^ jo' to 37° 30' in the Line of 
Sines. For the fecood Qpeftion, extend from 509.975 
to 555.203 in the Line of Mambers^ that extent will 
reach from 61^ 30' to 80^ 00' in the Sines. 

By the Slidifig-RuU. 

For the firft: Queftion, fet 500.975 on A to 350 on 
^, then againft 52"* 3c' on SS, is 37*" 30' on S. For 
the fecond Qpeftion^ fet 509.975 on B to 555.Z03 
oaAi then againft 62"" 30^ on S, is So"" co^ on SS- 

By Geometrical PretraSUn. 

Draw the Line AC, and from yoar Scale take 350^ 
ai^l fet from A to C : then with 50"" of Chords, ftrike 
the Arch D Jj and from the Line bf Chords take 62'' 
3o\ and fet from D to^, and through the point d 
draw the Line A B-, then take 509.975 from yoar 
Scale of equal Farts, with your CompaflTes, and fet 
l one foot in C, with the other crofs the Line A B in 
- the point B, and draw C B. Then to meafure the 
Angles^ with 5o'' of Chords, fet one foot of the Com* 
]»fles in B, ftrike the Arch £r, and meafure E f in 
the Line of Chords, which you will find to contain 
V^ 30' : After the fame manner you mult meafure the 

D Angle 



B 



? 4 ^^'iw Trigonometry. Part I. 

Angle A C Bvby mcafuring the Arch F/ in the Line 
of Chords, which you will find to contain 80° 00' 



'« 




AXIOM II. 

In all plain triangles. As the Sum of the Sides 
comprehending the Angle given, is to the DifFerence 
of the fame Sides i fo is the Tangent of the half Sum 
of the oppofite Angles, to the Tangent of half the 
Difference of the faid Angles. 

tiov9 the fam of the two oppofite Angles is known, 
being what the given Angle wants of i8o% and their 
Difference is found by this Axiom. And if yon add 
the half Sum and half Difference together, it gives 
you the greater of the two Angles fought. And if 
the half Difference be fubtrafl:ed from the half Sam, 
there remains the leffer Angle fought. 

The Dem^nfiration ofthisfecond Axiom is briefly thus. 

I fay, the fum of the Legs of any Angle 4, is to their 
Difference, as the Tangent of half the fum of their 
oppofite Angles, is to the Tangent of half their 
Difference. 

Let 
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Let Ai B and 

d . 




C reprefeat the 

three Sid«t and 

*y h, d-f. tbe 

three Aogles of 

the given Triao- 

glcj prodoce G, 

00c of the given 

Legs of the Angle 

(«), given, till 

^/become equal 

to B, tbe other 

Leg gi«o ; thea 

biffca ^/ in #, 

join c/, and bif- 

feftc/iD J, aod 

draw » </,which will be perpendicular to c/, (by 1 9 Def. 

Chap. I .) and draw d «, which will be parallel to r i 

{Evct.6Lih. iPr.) then will the Angle e,>td==ddf, 

that is, tohalf Cii/: which external Angle c«/=:c -fi, 

that is, to the Sum of the oppolite Angles required. 

Then draw _f.< Parallel to cb \ fo will the Angle 
t tic he equal to the alternate one c. And if froni 
naif the fam of the oppofite Angles, yoo take the leffcr 
Angle, that is, iffromc«<J, yon take ^ 4 r, there will 
remain the Angleg^J, equal to half the Difference of 
the oppofite Angles. And fo alTo, if from te, half 
tbe Sum of the Legs, you take C, the lelTcr Leg, there 
will remain n e eqaal to lialf the difference of the Legs. 
And then fince the Triangle c *d'K Right-angled, if <« d 
be made Radius, c d will be the Tangent of the Angle 
r*d (»'. e. the Tangent of half the fum of the oppo- 
fite Angles \) and in the little Triangle^ "d^ gd will 
betbe Tangent of the Angle gad (i. e. the Tangent 
of half the difference of the oppofite Angles) but the 
Segments of the Legs of any Triangle cut by Lines 
parallel to the Bafe being proportional, ib: eM :: cd: 
£d : That is in words, half the fum of the Legs, is to 
D 1 half 
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half their Difference, as the Tangent of half the fum 
of the oppofite Angles is to the Tangent of half their 
Difference. But Wholes are as their Halves : There- 
fore the Sam of the Legs is to their Difference, as 
the Tangent of half the Sam of the oppofite Angles, 
is to the Tangent of half their Difference. Which 

IS, &c. 

From this Axiom the following Cafes will ea&ly 
be folved. 



was 



CASE III. 

Tfvo Sidesy with the Angle comprehended by thenfj 
being given^ to find the other two Angles. 



In the Triangle ABCt 
there is given the Side 
A B 565.203, and the Side 
AC 350, and the Angle 
comprehended 62^30^; the 
Angles A CB and ABC 
are required. 

180^ 00' 
Sttbt. 61 30 




A B==5<Jtf.203 

;o 



The fam=9 1 6.203 Rem. 1 1 7 3o=Sam ^l\ B and C. 

Differ. =2 16.203 5^ 45=1*3^50111. 

As 9itf.2o3 the fam of the Sides Ar.Cono. 7.0380083 
Isto2i5.ao3 the Diff. of the Sides 2.3348617 

So is t. $8° 4s' the half Som of the oppo-) ^^ 2i6o4.!i8 

fite Angles ^ ' ^^ 

Jothet.of 21*15' half the diff. of the? .,-q«q. o 

oppofite Angles S i'-SSpSiaS 

If 
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If yoa add 21" 15' to 58' 45', thefum is 80" 00', 
the Angle A C B i and if 21* 1 5' be fobtraaed from 
58° 45', there wiU remain if 30' the Angle ABC 



C A S E IV. 

T1P0 Sides^ dnd the AngU ctmfrehenied between 
thewy being ghen^ to find the third Side. 



In the Triangle ABC, 
there is given the fide 
AB 555.203, and BC 
509.975, aod the com- 
prehended Angle B if 
30^ ; to find the third 
fide AC 



So.9*97ir 




B 



The (ide A B: 
The fide BC= 

The Sum = 

Difference :=z 



:555.203 

509.975 



180** 00' 

37 30 



1075.179 142 30 



55.227 71 15 



As 1075. 1 79 the Sam of the Sides An Com. 5.958 1 1 54 
Is to the Difference 55.227 1-7499449 

So is t. 7 1 •* 1 5' half the fum of the oppo- X ^ ^ « 
fite Angles ^^ J 1045921^ 

To t. S'' 45' half the difference of the? "TTZ 
oppofite Angles 5 9.1872790 

If 8^ 45^ be added to 71^ 15', the fum will be 80^ 00' 
the greater Angle C ; and being fubtraded, the re- 
maiader is 52** 30', the leffer Angle A. 



T^itn 
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Tien by thefirfi Cafe of this Chaffer. 

As s. 62** 30' the ^^ A Ar. Com. 0.052071 1 
Is to 509.976 the fide C B 2.7075498 

So is 8.37"* 30' the ^ B 9.7844471 

To 3 Scythe fide A C required 2.5440680 

AXIOM III. 

In Mil plain Triangles. As the greatefl: Side is in 
proportion to the Sum of the other two Sides, fo is 
the Diflerence of thofe Sides, to a Segment^ or part of 
the greatefl: Side ^ which being fubtraded from the 
greater Side, a Perpendicular &all fall in the middle 
of the Remainder. 

In the Triangle ABC, the greatelt fide is B C, the 
leaft fide A C 

Upon A as a Center, at the difl:ance of the fliortefl: 
fide AC, defcribe the Circle CDEF, and continue 
the fide B A to Di fo Ihall B D be the fum of the fides 
B A and AC, for A C and A D are equal, (by 
Conftrudioo^ and B E is the Difference between the 
Sides A B and A C, and A C and A B are equal. 
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fir^m hence follows this Demon/trstionl 

As CB is to BD, fo is EB to BR Now the 
Redangic of the Means is equal to the Reftangle of 
the Extremes, that is, C B x B F is eqaal to B D x B B. 
Hot the Reaangle of B C in B P is eqaal to the Red- 
aogleof B D in BB, (by Eucl. Lib, 3. Pr. i6.Confe{lA:) 
therefore the Proportion is true. And becaufe the 
Triangle F A C hath the two Legs A F and AC equal 
by Conftrudion, therefore the Perpendicular AG 
biflcacth the Bafe FC. (by Def. 19. Chaf. i.) Which 
was, ^r. 

By the help of the former Axiom the following 
Cafe is refblved. 

C A S E V. 

The three Sides of ah oblique dngled Iridngle being 

given J to find the Angles. 

IN the former oblique angled Triangle ABC, let 
AB 213.5, AC 107.5, AQ^ BC 150.2 be givenj 
and let the Angles be required. 
The fide AB=2i 3.5 
The fidcAC=i07.5 

Their Turn = 321=580 

TheirDiffer.=io6=:BE Then fay, 

As the greateft fide BC 250.2 Ar. Com. 7.60171 27 
Is to the fum of the other two 321 BD 2.5065050 
So is the Difier. of the other two 1 06 BE 2.0253059 

To the Difference of the Segments of the^ ^ ^ ^ 
Barci35.99S=BF ^2.i335^3<^ 

Then if this Difference 135.995 be fubtraded from 
the greateit fide BC 250.2, there will remain 1 14.205 

D 4 equal 



I 
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equal to FC, the half thereof 57.1025 is equal to CG 
the lefler Segment of the Bafe; and if 57*1025 be 
added to the faid Difltrence 135.9959 the Sam Is 
193.0975,. equal to BG the greater Segment of the 
Bafe. By this means the oblique angled Triangle is 
reduced into two right angled Triangles^ viz.. ABG 
and AGC, both right angled at G, in either of which 
there is given the Hypothenufe and Bafe^ fo that the 
Angles may be found by Cafe V. of right angled plaia 
Triangles, thus* 

As the Hypothenufe AB 213.5 ^-3293979 

Is to the Radius 10. 

So is the Bafe BG 1 93.097 S 2.2857762 



To the s. of the ^ BAG tf*"" 44' 51" 9.95^5783 

The Complement of 64'' 44' 51^' is 25'' 15' 09'', 
and fo much is the Angle ABG. Again, ' 
As the Hypothenufe AC 107.5 2.0314085 

Is to Radius lo* 

So is the Bafe GO 57.1025 1.75^^552 

■r ■ ■ I m 

To the s. of the ^ GAC 32"* 5' 8'' 9.7252467 

Whofe Complement is 57^ 54^ 52'',the Angle ACG; 

If you add the ^ BAG 6^ 41' 51'^, and the^GAG 
32° 5' 8'' together, the Sum will be 96'' 49' 59''; and 
fo much is the whole ^ BAC. 



Another waj to refolve this Cdfe, and that at one 

Operdtion. 

FRom half the Sum of the Sides, fubtrad each par- 
ticular Side, and fee down the Remainders. 
Then, 

As 



i 
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As the Redaogle of half the Som of the Sides, and , ^ 
the Difierence between that half $0019 and the fide 
oppofite to the Angle required, . r 

Is to the Redangle of the other two Remainders ; ^«- 

So is the fqnare of Radios, 

To the fqnare of the Tangent of half the Angle , 
ibnght. 

I Ihall firft lay down the Demonfiratim oftht jixiom^ 
and then proceed to explain it by Knmbers. « 

Demonfiratim. In the Triangle BCD, let the Angle 
D be required. 

Firft, let the Sides BD and DC be prodoced to F 
and G, fo as DF may be equal to half the Som of the 
Sides, DB, DC, and CB, and eqoal to DG } and let 
Angles at F and G be Right. Upon the Center £ de- 
fcribe the Circle 140R, making RG aodKF eqoal to 
BC : then is DR or DN the Di^ence between DG the 




half Sam^of the Sides, and the fide CB ; and the Diffe- 
rence between DG the half Som, and the fide DC, is 
the right Line GC or NB ; to which let OB be eqoal, 
and the Difierence between DF the half Som, and the 
Side DB,is the Line BF equal to CO, CR, or BV : and 
the Triangles £NB and BFH are like, becaofe their 
Angles at M and F are Right i and MBO and OBF are 
equal to two Right Angles,and KB£ and FBH are toge- 
ther 
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1^^ tber equal to half two Right Angles: Therefore FBH 
and NEB are eqnal i and NBE is alfo equal to FHB. 
Thea are the Triangles NEB and FBH fioailar. Then, 



**V 



By Cmil. As 

By fimil. As 
3XEN 



2» 3, 4 
6xND 

Again, 

8 iqaared 

7, 9 



1 f EN : NB : : BF : FH 

2 ENxFHrrNBxBF 

3 I FD:ND::HF:EN 

4 I HF : EN : : HFxEN : ENq. whofe 
. j Root is the Radius of the Qrcle 
I I NOR. 

5 ND : Radius : : NB : tD. 

6 FD : N D : : NBxBF : ENq 

7 FDxND : NDq : : NBxBF : Ei5q 

8 ND : EN : : Radius : t. EDN 
p I NDq : NBq :: Rad.q. : tq. EDN. 

; 10 ! FD X NO : NBxBF:: Rad.q. :tq, 
I I EDN. That is. 



As the Redangle of FD the half Sum of the Sides, 
and DN the Difference between the half fum FD and 
the fide CB oppofite to the Angle fought. 

Is to the Redangle of BN and FB the Diilereaces of 
the other Sides and half Sum : 

So is the iqnare of Radius, 

To the fqnare of the Tangent of the Angle EDN, 
or half the Angle CDB, as was to be proved. 

jind new tf exfUin the fame in Numbers. 

tn the Triaq- 
gle BCD, let the 
fide BD 5 87, the 

iideCD433,aDd 
thefideBC352, 

be given i to find 
the Aogle p. 




5Sr 
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80=587 1 99? 

CD=433 1 253^ The Difierences. 

Sum =1372 



^ 



^M 



balfSom 685 

Now fet down the Arithmetical Complements of 

the Logarithms of the half Sum 68tf, and of the DifTe. 

rence between the half Sam and the fide BC, oppofite^ 

totheAn^eDyt^ix,. 334? ^^^ onder them the Loga^ 

ritbmsof the other two Diflferences 253 and 99, half 

their Som will be the Tangent of half the Angle D re- 

qnired. 

The half Sam 68(f Ar. Comp. 7.i^3<S7S9 

The Difference of the half ^ ._. ^_„ ^An^^^^^ 

Sam and BG 334 f Ar. Com. 7.476253 s 

The Difference of thehalf ?CD 253 2.403120$ 
Sam and .cBD 99 i -99 S<53 5 2- 

Sam 1 9-038685 c 
Half Sam 9S< 934^5 

Which half Sam of the Logarithms is the Tangent 
of i8° 17' 44", the double whereof is ^6" 35' 28", the 
qaaatity of the Angle D required. 

JlgniHj lit tht AttgU B bt required. 
The half Sjm <J85 Ar.Com. 7.i<J3<S7S9 

The Diffcf ence of the half^ ^^^ ^^m. 7.S9«879S 
SomandCD253. 5 ' j i^j 

The Difference of the half Sam and J^p 1.9955351 

Sam 19.2799371 






Half Sam 9.6399685 

This 



f 

44 Tlain Trt^ontmetry. Part L 

This half Sam is the Tangent of is** 34' 50" 
the double thereof is the ^ B 47 09 40 

t Lf r riSre ^;y^/r Cbi slfo nqt^ind. 

The half Sum 6%6 Ar. Com. 7*i^3tf7S? 

The Difference of the half> ^^ ^^^^ q ^^ ^^ o 
Sum and BD 99. S ^'- ^^°- 8-0043648 

The Difference of the half 5 DC 253 2.403 1 20$ 
i Sum and cBC 334 2.5237465 

Sum 20.0949077 

Half Sum 10.0474538 

This half Sum is the Tangent of 48^ 0/ 16' 
the double whereof is the ^ C req. 96 14 52 
The Angle B being 47 09 40 

And the Angle D being 3^ 35 28 



.» 



The fum is jufl: two right Angles 1 80 00 00 

Ton may dfo find an jingle by having the thr^e Sidss^ by 

Sines^ thus. 

As the Redangle of the containing Sides or Legs, 
Is to the Square of Radius ; 
So is the Redangle of the Difi^erences of the faid 
Legs from the half fum of the three Sides, 
To thefquare of the Sine of half the Angle fought. 

Let the AngleD in the foregoingTriangle be reqi^ired. 
The lideDC 433 Ar. Com. 7.3635 121 

The fide DB 587 Ar. Com. 7*23 13619 

The Difference of the half cCD 253 2.4031205 
Sum and ZBD 99 1-9956353 

Sum 18.9936298 



Half Sum 9.4968 1 49 

Which half Sum is the Sine of 1 8^ i f 44^the double 

thereof is 36'' 35' 28'^, the Angle D, the fame as before. 
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V 



r 



ASyno^fis of the ^oBrine of Tlain Triangles. 



Cafes / Given 



I GiV( 



II. 






IIL 



IV. 



V. 



VL 



VII, 



AB 
& 

B 



AB 

& 

C 



BC 
& 

B 



AB 
& 

AC 



BC 
AC 



AB 

& 

AC 



AB 
& 
BC 



Right Angled, 



fCequic 



AC 



BC 



BA 



B 
& 
C 



B 
C 



BC 



AC 



Proportions. 



1. sC : BA :: sB: AC. 

2. R : BA : : t B : AC. 

3. t C : BA : : R : AC 



X. sC : BA :: R t BC 
1. R : BA :: seB : BC. 
3. tC : BA :: seC : BC. 



I. R : BC :? sC : BA, 
%. seB : BC :: R : BA; 
3. se C : BC :: t C : BA. 



**■ 



I. BA : R :? AC 5 t B. 

whofe Complement is C. 

a. CA : R : : BA : t C, 

whofe Complement is B. 



z. BC : R :: BA t sC» 

whofe Complement is B. 
z. BA : R :: BC : scB. 
whofe Complement is C. 



1. CA : BA ;: R : tC. 

Then again^ 

2. sC : BA :•. R s BC. 



T. BC : R :: BA : $ C. 
whofe«Complement is B. 
Then again, 
*: R : BC : : s B : AC. 



'-'4^ 
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Part I. 




Cafes 



II. 



III. 



IV. 



V. 



i ■ ^ 



Oblique* Angled. 



Given 



Requir. 



AC 

A& 

B 



AC 
CB 
dc B 



AC 

CB 

& 

C 



AB 



Proportions. 



m*F 



s B : AC : : s C : AB. 



CA : s B : : CB : s A. 



*«•■ 



A 
& 

B 



CB -|.CA : CB--AC : : 
t^A -f-B : tjtbe difFerence } 

which halfdiff.||lj^-^^ the 
half Sum, gives the ^^flj"^? Angl< 



AC 
CB 

C 



I Find the Ancles A and B by the 

AB I2A Cafe^ then by the firfl Ca/e you 

may find the Side AB. 



AB 
AC 
& 
CB 



A 
B 
& 
C 



I 



BC : AB +AC : : AB— AC i 

BF. ThcnBC— BF=FC 
and I FC is CG. 

Thus is the ObUque Angled Tii-] 
angle refolved into z Right-angled 
[ones, in cither of which the Hypo- 
(thenufe is known, and alfb the Bafe. 



In this Synopils 4- fignifies two Lines or Angles added to- 
gether, and — iignifies Subtraction, or the difference of two 



Lines or Angles. 
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And thas have yoo the feven Cafes of Right-ang« ^ 
led, and five of Oblique-angled plain Triangles fuffi- ? 
ciently deooonftrated and explained. 1 (hall next pro« .' 
cecd to fome Problems Trigonometrical* ^ 



CHAP. T. 
Problems Trigonometrical. 

Problem I. O/te Side of an Oblique angled plain 
Triangle^ the Angle oppoftte to that Side^ and 
the Sum of the other two Sides being given ; to 
find the other twoSidesy and the Angles fever ally. 

IN the Trian- 
gle ABC, let 
tHe Side BC 532, 
and the Sum of 
the other two 
Sides B A and AC 
6s7y and the An- 
gle BAG 1 10^30' 
be given. 

Extend the Side BA to D, making AD eqaal to 
AC, and draw the Line DC i fo (hall you have two 
other Oblique angled Triangles BDC and ADC la 
the Triangle ABC is given the Angle BAC iio^ 30', 
and confcquently in the Triangle ACD you have gi- 
ven CAD 69'' io\ it being the Complement of the o- 
thcr to i8o% (by Dcf. id. Chap, i.) alfothe Trian- 
jle ADC is Equicrural, by Conftraaion j and therc- 
rore the Angles at the Safe ADC and ACD are equal 
(by Def. 19. Chap, i.) viz.. each of them is eqaal to 
half the given Angle 55'' 15. Now in the Triangle 
BCD there is given, 

I. BC 
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1. BC $31 

2. BD(S37 



2. BD(S37 

3. The Angle BDC 55^15' 
From whence yoa may find the Angle DCB (by 
ift2. Chap. 4*) 

As the Side BC 532 An Com. 7.2740884 

To the s. -^ BDC $$"" 1'$' 9.9146852 

So is the Side BD 637 2.8041 394 

To the s. ^ BCD loo*' 19' 9*9929130 

From which fabtraft the Angle ACD SS"" '5^ and 
the Remainder is 45^ 04^ for the ^ ACB ; and the 
Angle ABC is 24"" i6\ and is found by fobtrading 
the Sam of BCD 100^ 19' and D 55"" 15' from i8o^ 

The Sides AB and AC may be found thus (by 
CafeL Chap. 4.) 

• 

Asthes.^BAC 110'' 30' > *^ p.^ ^^-»q.»-.. 
(or69°3oO y Ar. Com. 0.0284124 

Is to the Side BC 532 2.72591 16 

,So is s. ^ ACB 45'' 04' 9*3499897 

To the Side AB 402.08 2.6043 137 

Again, — 

As the s. ^ BAC 1 10^ 30^ Ar. Com. 0.0284124 

Is to the Side BC 532 2.72591 16 

So is the s. ^ ABC 24"* 26' 9.6166164 

To the Side AC 234.93 2.3709404 

By Scale and Ccmpajffs. 
For the firft Proportion, extend from 532 to 
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19' the Angle reqaired. for the fecond Proportion, * 
extend from 69" 3c/ (the Complement of 1 10*30' to * 
i«o") to 45* 04.' in the Sines, that extent will reach*" 
from <|2 to 402.08. For the third Proportion, ex-4 
tend from 69' 30' to 24" 26' in the Sines; that extent \* * 
will reach from 532 to 234.93 io the Line of Numbers. 

By the Sliding' Rule. 
For the firft Proportion, fet 532 on B to ^37 on A: •• 
wen ag«nft 55* » 5' on S, yon will find 79* 40' on Ss! ' 
For the fecond Proportion, fet 69' 30' on SS, to ' 
45" 04' on S, then againft 532 on A, it 402.08 on B. 
For the third Proportion, fet tf9° so' on SS, to 24* 
a5' on S, then againft 532 on A is 234.93 on 0. 



Problem IL One fide ef ah oblique doglei 

Tridf^Uy the Jftgle offoftte thereto^ and the Dif" 
ferente of the ofber two Hides being givew^ to find 
the other J»glef, Md the two Sides fever aBj. 

In the Tri. 
angle ABC, let 
BC 250.2, and 
the Difference 
of the other 

two Sides lotf, 

nod the Angle " ^^'^ 

BAC (oppoGte to BC) 96" 50' be given. 
^ Make AD equal to AC, and drayr CD, conftita- 
ting the Triangle ACD Bqaicrnral ; and the Angle 
pAG being 96* 50', the Complement thereof to 180' 
is 83* I o' for the two Angles A DC and ACD i which 
bdog canal one to the other, therefore each ef them 
IS half 83" 10', that is 41° 35'; and by drawing the 
LioeCD, there is alfo another Triangle made, where- 
in is given the Side EG 250.2, and BD 10$ equal M 
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. ' the DiSerence of the two Sides AB and AC ; and 

*■ there is alfo given the Angle BDC lyV i$\ eqoal to 

, the Complement of ADC, 41" 3%\ to 180". From 

V * thcfe things given, yea may find the Angles ACB and 

' ^ ABC, and alfo the Sides AB and AC, feverally. 

As the Side EC 1 50.1 Ar. Com. 7.501 7 1 17 

Is to the s. ^ BDC ij8' 25' (or its? ^,821977$ 

2.015305? 



Compl. 41° 35') 
So is the Side BD 1 06 

To the s. ^ BCD 16" 19' 52" 



9.4489951 



To which if ACD 4»° 35' be added, the Sam is 57 
54' 52" for the whole Angle ACB. And if the Angle 
A be added to it, and the Sum fubtraded from 180, 
there will remain 25" 15' 08" for the Angle ABC. 
Find the fides AB and AC as in the laft Qaeltion, thos. 

^tcoil^'fo')''' ^°'} *'•<=»"• °»='°»*» 

Is to the SideBC 250.2 2.398a873 

So is the 8. ^ ACB 57° 54' $2" 9.9280145 



Jothe Side AB 213.5 



2.3293979 



Again, 

As the 8. of the ^ B AC 96' 50' Ar.Com. o.oo3095» 

Is to the Side BC 250.2 2.3982873 

So is the s. -^ ABC 2 5» 1 5' 8" 9.<J3oo247 



Jo the Side AC 107.5 



2.03 1 4089 



By Scale and C«mpajfes» 

For the fir ft Proportion, extend from 250.2 to io5 
in the Line of Numbers v that extent will reach from 
41" 35' to 16° 20' in the Line of Sines. For^the fe* 

cond Proportion, extend from 83° 10' to 57° JS' *■* 

tb^ 
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the Sines j that extent will reach from 250.2 to 21 3.} 
in the Line of Nambers. Fot the third Proporcionji 
extend from 83^ 10' to •25'' 15^ in the Sines i tbais 
extent will reach from 250.2 to 107.5 ^^ ^^^ ^^^^ ^^^ 
llambers. - ^ "^ 

By the Sliding-RuU. T 

For the firft Proportion : Set 250^2 on A to io5 
on B, then againfl: 41^ 35^ on SS, is id"" 20"^ on S. 
For the fecond Proportion : ^Set 83^ 10' on SS, to \ 
57"^ 55^ onS, thenagainft 250.2 on A, is 213.5 on B. 
For the third Proportion: Set 83** 10^ on SS, to 25"* 
15^ oaS, then againft 250.2 on A, is 107.5 ^^ B- 



Problem III. One fide of d right Mgled PUim 
Trismgle^ And the other two Sides in one Sum^ 
being gpven^ to find the Jngles And the Sides 
f^ersUj. 

IN the following Figure let the Bafe AB 40, and 
the Som of the Perpendicular and Hypotheaufe^ 
AD 200, be given, to find the Per- -q. ^ 
pendicular AC and Hypothenufe BC P 
feverally. ^ 

In the Triangle ABB is given the 
Bafe and Perpendicular, whereby you 
may find the Angles ABD and ADB, 
thus. • 

As the Bafe AB 40 i .6020^00 

To Radius 45 lo. 

So is the Perpendicular? ^ 

AD 200 S ^-3010300 

To the t. ABD 78''4i' 2+'' io.698;?700 

Whofe Complement is the Angle 
Dili** 18' i6''\ and becaofc CD is 
equal to CB, therefore is the Angle 
CBD alfo 11^ 1^' 36" i then if 11^ 

£ 2 




% 
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iZ' %6" be fubtraded iiroiii the whole Angle ABD 
;C78°4I'24'^ there will remain the Angle ABC tfy* 
. 22' 48'^ Thea to find the Sides, (ay, 

As Radios to the Bafe AB 40 1^020^00 

So is the t. ABC tf?" 22' 48" 10.380208J 

To the Perpendicular AC 96 i .5>822d83 

Then fubtrad 96 from 200, and there will remaia 
io4for the Hypotbenofe CB. 

By Scale and Cemfaffesm 

For the firft Proportion, extend from 40 to 200 ia 
the Line of Numbers, that extent will reach from 
45*" to 78** 41^ For the fecond Proportion, extend 
from 45° 10 6f 23' in the Tangents, that extent will 
reach from 40 to ytf in the Line of Numbers. 

By the Sliding' Rule* 

For the firft Proportion^ fet 40 on B to 200 on A, 
then againft Rad. on Tangents, is 78^ 4i^ For the 
fecond Proportion, fet 6f 23' of Tangents to Radius, 
then againft 40 on B, is 96 on A. 



Problem 
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u 



problem IV. Tliere wt tr»^ Forts reprefet$ted fy. 
C iutd Df whfeh 4re 30 Milts AJ under } dtiM- 
i^ere sre two Shifs dt Sea refr«fe»ted by A */fd. 
pf 4nd each of them makes OofervMtUm to the 
ftid Ports, dnd fads the Angles CAD 63* 00' 
Md CAB 24° 00, Mid the Angles CBD 81° 00' 
snd DBA 48° 00'. To find the Diftdnee of etch 
Ship from the Ports, And of the Shffs from eub 
Cfher^ is wbM is required, 

THE ^ ABCU i«9%to which add BAG 24% the 
fam is 153% wbore Complemeac to 180** is yf 
for the ^ ACS. 

And the ^ BAD is 86**, to which add ABD, apd 
the fam is 134*, whole Compleffleat to 180" is 46^ 00' 
for the ^ ADB. 




flow bectafe there are not Data faffideat io any 
one of the Triangles, therefore for the prefeoc we 
|riU foppofe the flde AB 1 5, 

Then in the A A B C, 
At the 8. ^ ACB 17* 00' Ar. Com. 0.3429 %i>- 
T0AB15 1.176091^ 

^ is tbes..^ABC 1 29*00' (or ittGom.5 1*) 9.8905025 



70 the fide A C 25.^772 



B3 



1.4095470 

lA 
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In the A A B D. 

As the s. ^ ADB 46^ 00^ Ar. Com. 0.1430559 
Is to the fide AB 15 1. 1 760911 

So is the $. ^aBO 48*" 00' 9.8710735 

To the fide DA 1 5.49^37 < •! 901306 

la the A A C D (by Csfe 3. Cbtf. 4.) 

The fide AC=2 5.6771 i8o' 

The fide AD= 1 5 .49<S37 6i=s^CAD fyh. 

The Sum 41 .« 73 57 118 diiF^=s ADC+ ACD 
TheDifierence i oa 8083 59 the half. 

^•'^tndAD*"^''''"^^! Ar.Coa., 8.3853««4 
Is to the Difference of the fame i .0077833 

So is t. of half the oppolite Angles 59^ 00^ 1 0.221 2263 

To the t of half their difference 22^ 22' 05^^ 9^143910 

Which added to the half Sam makes 81^22^05'' 
for the Angle A£>C, and fubtraded from the half 
Sum, there remains 36^ 37' 55'' for the Angle ACD* 

Then again in the A A C D. 

Asthes-ofthe^ADC 8i'*22^05''AnCom; 0,0049474 
Is to the Side AC 25.6772 1.4095473 

So is the Sp of the ^ D A C 62^ oo' 99459349 

thefide CD22.P3133 . l«|5o42p|l 

Bat CD the Diftance of the Ports is bat 20 Miles ^ 
therefore to fiod the other Ptftaoccs truly, yoa moft: 
prgoe thos ; 



^ 
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As CD 22.93 1 33 the aiTumM fide Ar. Con. 8.^395707 
.h to.PC 20 the true fide 1.3010300 

So is AC! 2)^772 the affiimM fide 1-4095470 

To AC a».|94?<J the tt^s fide i'3So»477 * 

IftthiAABG. 

A4 tbe s» of tie ^ ABC I ip" 00' Ar.Corii. 0.1094974 ' 
Is to the fide AC 22.3(9484 t. 3501477 , 

Sohtitti.pitht^ACB2f<x/ 9.^570468 

To the fide AB 13.01^25 , 1.11^^919 

ro the A A DC. 

As the s. of the ^^ D AC tfa* 00' Af . Com. 0.05406 1 1 
Is to the fide CD ao i.jo 1 0300 

So is the s.of the< ACD 36* 37' 5$" 9.7757359 

To the fide AD 1 3. 51 5 5 i.i 308310 

* 

./ lothcAABD. 

Asthes.ofthe.^ABD4&''oo' Ar.Com. 0.12891^1 
Is to the iide AD 13.51 55 1.130831© 

So is the s» of the ^ B AD 86** 00' 9.9989408 



To the fide BD 18.1425 1.2586983 

In the A B G D. 
As $. DBC 8 1» 00' Ar. Con, 0.0055801 

b to the fide CD 20 i. 3010300 

So IS thes. ^ BDC 35* 22' 05" 9.7625485 

;f Q 1^ fide C8 « 1.7*08. 1.0689^86. 

B 4 Frobk^l 



. ^6 Tlain Trigonometry. . Part I. 

Froblcm V; There an three Parts refrefeBted fy 
J^ By Mi C^ which a Ship At D di/eavers^ Mnd 

i y is defirous to kmm how fsr fie is JUfimt fnm 
each of them ; in order t hereunto fie makes Otfer* 
VAtioHy smd finds the Angle thst A snd C mske 

! . with D tobe af"" oo', snlthe Angle thst A sued 
B nuke with D to be i<f oof. rfaw betweem A 
the middlemofty dnd B the neerefi Fort^ is B Miles ; 
between B and C is 12 Miles ^ snd between C and 
A is 7*2 Miles. Now I defire to know how fnr 
the Shif dt D is diftant from every one of the 
forts St Ay By snd C 

EI RS T, draw the Liaes DC, DA^ and DB^ aod 
then tbroagh the three Points C, B, and D de* 
K the Circle, and draw the Lines CE, and BE; 
then will the Angle CBE be eqoal to the Angle CDE ; 
and alio the Angles ECB and EDB are equal (by fivi. 
3 Lib. lu Pr*) Hence all the Angles, and one fide, 10 
^ the obliqne angled Triangle ECB, are known ; from 
^bich the other two fides may be found, thus: 

180 

EC6= 19' 

Son 44 &b. from i8o 
CEB=! 136 Renuias 

As s. CEB 1 36? o. I sSaiSf 

T0CB12 g.o79i8u 

. ^tes. EBC25^ 9.6159485 



•i 



Jo CE 7*30059 0.863358* 



,/■ 
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Agaio; 
AS1CEB136* 
ToCBf2 
Soiss.ECB 19* 

To £B 5.^2408 



0.1 582287 
1.0791812 

0.7500518 



Kext fiod the three Anglei of the Triangle ABC 
(tt ill Page 42; tbu. 

For the Angle ABC 
12' I 1^^ 

l^fOifferenceSt 



eidet^ 8 



7.2 1 6.^\ 



am 



ll 



Sam 27.2 






The 
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The half Sam 1 3.6 An Com. 8.8^6451 1 

The Difference of the half> . ^ ^^^ ^ . o 
Sum and AC ( An Com. 9.1938100 

^ X The Difference of the half c AB 0.748 1 880 

^^ Sam and <CB 0.2041200 

The Sam 19*01 15891 

Tangent of i f 4/ 19" 9.50^294$ 

A BC 35 34 38 
Sober. 25 00 oo=EBC 

Rem. 10 34 38= ABB 

Again for the Angle ACB. 
The half Som 1 3.6 An Com* 8«8tftf45i| 

The Som 19- 12 8)731 

Half Sam 9*k6j^i96^ 

Which half Sum is the t. of 20^ 08' 13'' 

which doable is the ^ ACB 40 itf 2^ 

Snbtn 19 06 CO 

Rea/zi 16 26=rACfi 

i 


TbM in the A AEB fiacr the <tf *» AEB aoci EA9 

(by C0 3. Chap, 4.> 
TheCdeABr=8 " ^ ^^. 

The fide £B =: 5.52408 
• The Som = 13.52408 

Tbc,Differ.= 2.3759» ^TlH 



I 



1 
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The^ABE=io'34'38" 
The Compl 169 25 22 



^«*^ 



The Half = 84 42 41=1 AEB+EAB O 

As the fam of the Sides 1 3.^2408 Ar. Com. 8.855(929 
To their Difference 2.37592 0.3758319 ' 

So is the t of half the Sam of tbe^ » - 

oppof. ^»s «4* 42' 4i"i- "•°335455 

Tothetofhalftl^pir^ is» «, ,< T7T7,^ ' 
Direreace | " ^^ ** 10.2750709 

The Sam 145 45 07= ABB 



TheDiff. 21 40 i5=£AB 
From 104* 08' 55"=CAB 
Sab. 22 40 15 ssEAB 

Res; 81 28 41 =CAE 

Then, 
A9tlies.eftbc^ ADC 25*00' Ar-Gem, o.374<^5i7 
It to the fide AC 7.2 0.8573325 

So is the s. of the ^ DAC 8i* 28' 41'' 9.9951784 



«■ 



To the fide CD 16.84855 1.2265625 

Again in the a A D B- 
As the s. of the ^ ADB 1 9"" 00' Ar. Com. 0.4873 58 1 

Is to the fide AB 8 0.9030900 

So i» the 9. of the ^ DAB 22* 40' 1 5'' 9*58 595 27 

Jo the fide BD 9*47 1 1 09 0.9764008^ 

.^ C22«40'«j"=DAB 

''****• C19 00 00 =AOB 

' Sam 4( 40 13 

pompl, 138 19 4S=:ABD Then 



A 



60 



k 

i 
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0'487358i 

0.P030900 
9*8227238 



Then 
As the «. of the ^ ADB 1 9* 00 
Is to the Gde AB 8 
So is the s. of the ^ABD 138* 19' 4$^' 

To the fi(}e AP if 33f^5 

lience 

The Diftance fromSjJ ^ J^jj » g .Jf,^^^ 8 
«>k« ck:^. «•> f^ "1^^ ^"^^ rort A IS 10.31698 

• ^^^ ^^^ ^^ ^* ^to the Port t is i(J.S;8$$ 

7%// PrMem mof be varied^ fo that the Forty ot 
Angle A^ mdj be turfed tamards Dy as in tbefol^ 
hfptng Scheme. 




Let the Sides of 
the Triaoglq^lBC, 
and the Angles at 
D, be the fame as 
before i and let the 
Diftances PC, DA9 
aod DBfbereqaired* 
TheTriangKEOB 
will be the (ame as 
before, apd confep 

2Qeotly the Sides 
;E aod £B wili 
be the fame* Alfa 
the Ao|les of the 

M. ^ ^ . . ^ giv#nTriangleABG 

we will foppofe to be foand ; the next thing to be 

found will be the Angles ABB and fiAB ia the Tri^ 
angle ABE. 

The Angle ABS is known, it being the ftm of the 
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two Angles ABC, 35' H' 38", and CBE (=CDE) 
zf oo'.wx. 60- 34' 38" The Side A 8=8 



GompLitp 25 2X 
Thehalf 59 42 41 



The Side EB=S.tf24o8 "^ 
The Sam 13.62408 ' 



The Differ. 2.37592 

Jhen, Asthefamof theo Ay.con,. 8.8<J5«93i 

Sides 13.62408 S ■' 

Is totheDiffi of the Sides 2.37592 0.3758318 

Soisthet-ofhalftbeSamof tbcopo yumo 

polite ^'s 59° 41' 41" ^ ^0.2335130 

To the t of half their Differ. 16" 37' 27" 9-4750479 

Which being. added to 59* 42' 4»"» 'be fam will be 
76» 20' 08" for the Angle AEB ; and fobtraftcd from 
59* 42' 41'', the remainder is 43" 5' 14" ^^ the Angle 
EAB, whofe Complement to 18018136" 54" 4^"» the 



» 




traded from CAB 104° 08' 56", there will remain 61 
03' 42'' for the Angle EAC, whofe Complement to 
«8o is 1 18' $6' 18" for the AngleCAD. Now having 
all thefe Angles, you may find the fides DC, DA, 
and DB, as followeth. 

InthcAADB. 
Astbes.<^ADBi9"'oo' Ar. Com. 0.4873581 
Is to the fide AB 8 0.9030900 

So is the s. ^ B A O i3<^ 5+' 4«"J 08344.912 
/«* :». r«m .-,<• e' ta"^ S 9.o;i44.i' 



(or its Com. 43° 5' H") 



To the fide BD 1 6.7857 i .2249393 

Again, 



"< 



• f 
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. Again, 

. So » the f. of the ^ ABD i** 05 W' 9.tf 107951 
To the fide DA icoiStf T.001143J 

In the A A C D. 

x^ *^V'c^/?? ^5° 00' Ar. Com. 0.3740517 
Is to the Side AC 7.2 o ItTtLJ 

:Joi$the s.ofthe^CAD 118° <<j' i8''> 

(ortfi''o3'42") 5 9'94i078o; 

To the Side DC 14.90P5 1.1734622 

Thus have yoa the three Diftances DB Kf.7857, 
DA icoiSd, and DC 14.9095. 



The Doctrine of 

Spherical Triangles. 



«« 



C H A P. VI. 

Offuch Affemons, Definitioas, tnd Theorems, as tre 
w>oft neceffaryfor the right underHindimg^ of the 
Nature and Dimenfms of Sf hefted TrtMgles, 

i.^T^HE three Sides of every Spherical Triangle 
c«i,r: **"* "*^ '^^r^** of three Great Qrcles of the 

nteft^^'^ "i?!? °^'*"" •'""gJ«^« '"an a Scmi-drclc, 
rnXS^""^ •'''•".^.'frees than ,80. which is thi 
meafore of a bemi-cirdc (by 8 Drf, ofCbaf. i.) 

2. A 



•# 
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. 2. A Great Circle of the Sphere is fucb a one as du . 
▼ideth the whole Sphere or Globe into two equal 
Parts or Hemirpheres, and fo is every where diftaac 
from the Poles thereof 90 degrees. 

3. If one Great Circle of the Sphere do» pafs thro - 
the Poles of another Great Circle, thofe two Great 
Circles interfed each other at Right Angles j and 
the contrary. ^ 

4. The Meafore of a Spherical Angle is the Arch of 
a Great Circle defcribed from the Angle, and inter* 
cepted between the two Sides, they being continued 
oat till they be Quadrants. 

In the Spherical Triangle ABC (in the following 
Scheme) the meafure of the Spherical Angle at A is 
not the Arch BC, bat the Arch ED intercepted be- 
tween the two Sides AB and AC, continued till they 
be Qpadrants, 
that is, to the 
Points D and E, 
becaufe the Arch 
BC is not de- 
fcribed upon the 
angnlarpointA, 
but the Arch ED P 
is; therefore the 
^ArcKBC cannot 
be the me^ure 
of the Angle A, 

5^^1b Sides 
of a Spherical 
Triande being 

continobd till they meet together, do make two Se- 
mt-circles, %nd at their interfeaion do comprehend an 
Angle equal and oppofite to the firft Angle. 

Thus 




•• 



r. . 
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Thus in the Triangle ABC, the Sides AB and BC be« 
ing contiaaed till cbey meet ia Qj do thereby con« 
fiicAte the other Triangle A(X2# which may be called 
fupplemental to the Triangle ABC ; for not only the 
Angle at Qis eqaal to its oppofite at B, bat alfo the 
other Sides and Angles are Complements of the Sides 
and Angles in the given Triangle ABC : for the Side 
CQ. is the Complement of CB to a Semicircle ; and 
the Angle ACQ. is the Complement of ACB to a 
Semicircle, and fo of the reft, (fee Def.i6.Chdf. i.) 

6. The Sides ota Spherical Triangle may be changed 
into Angles, and the contrary ; tne Complement of 
the greateft Side or greateft Angle to a Semi-circle 
being taken for the greateft Side or greateft Angle. 

As in the Triangle ABC, obtnfe angled at B, let 
DE be the meafare of the Angle at A, and let FG be 
the meafare .of the acdte Angle at B, (being the Com- 
plement of the obtofe Angle at B) and let HI be the 
meafare of the Angle at C* Mow 

KLs ^DEj ^KD, ^LE 

LM f is equal to ^FG ^ becaafe 4LG C and )fM 
KM3 CHI 3 CKI i Cmh! 

CLD 

are Qpadrants^ and the common Complement is sLP 

therefore the fides of the Triangle KLM are eqaal to 
the Angles of the Triangle ABC, taking for the 
greateft Angle ABC, the Complement thereof FBG. 

Ic may alfo be demonftrated. That the Sides of the 
Triangle ABC are equal to the Ansles o^he Tri- 
angle KLM (by the Con?erfe of the former. J F6r 

r AB ^ rOP 7 the m'eafare r MLK 

The Side ^BC > is eqaal to <VHy of the An-^LMK 
CAC^ CDI> gle . CDKl 

which* is the Complement of the Angle MKL. 

For. that AD> CCI ^a^c Qjiadra#s, MdCCD 
AP ^ and jOBr their common C^- 3 AO 
BF> ^CH^ plcment is , -^CF 

• . There-: 




Chap. (?• Spherical Trigonometry. 6^ 

Therefore the Sides may be tura'd into Angles, and 
the contrary ; which was to be proved. 

7. A right 
angled fpherical 
Triangle hath 
one right Angle, 
or more than 
one. 

8. In the Fu 
gore annexed , 
fuppoling the 
Angles B A C, • 
and BDC to he right Angles ; 

TheTri C^'^'>u u u c^ne right and two acute.' 
anTli -SBDCC bath the ^^^^ ^^^^^^ ^^^^^^ ^j^^. 

"8*^ CCDeS Angles Iq^^ obtafe and two right. 

p. A right angled Tpherical Triangle, with two 
acute Angles, hath from the right Angle, a right 
angled Triangle oppofite therennto, with two obtufe 
Angles i as the Triangles ABC and BDC 

10. The Sides of a right angled fpherical Triangle^ 
with two acnte Angles, are all of them lefs than Q,ua« 
drants ; as in the Triangle ABC, the Sides are each 
of them lefs than Qaadrants, 

11. In a right angled fpherical Triangle with two 
obtofe Angles, the Sides that are oppofite to the two 
obtafe Angles are greater than Quadrants', bat the 
third Side that fnbtends the right Angle is lefs. As 
in the Triangle BDC, the fides BD and CD fubtend^ 
ing the obtnle Angles at B and C, are each of them 
greater than Qpadrants, bat the fide BC is lelTer. 

12. The Sides fnbtending the right Anglesof afphe* 
rical Triangle having divers right Angles, are Qua« 
draats : As in the Triangle AEG, if the two great 
Circles AB and AG, do cut the great Circle EG at 
right Angles in the Points E and G, A is the Pole of 
the great Circle EG, (by the id hereof) and AE and 
AG at'e Quadrants f by the id hereof) but if the Angle 
^ ^ P A 






66 Spherical Trigonometry. Part L 

A be alfo a right ADglc, then EG b alio a Qiiadrant 
(by the ii.ofChap. I.) 

13. If the third Angle of a fpkerical Triangle,' 
having two right Angles, be acute, the third Side is 
lefs than aQpadrant ; but if obtnfe, then it is greater 
tjian aQpadrant. 

14. An obliqae angled Triangle conlifteth fimply 
of acute or obtufe Angles, or of both* 

1 5* A fpherical Triangle, with two obtufe Angles 
and one acute, is oppoGte to a fpherical Triangle fim- 
ply acute angled, & contra. 

As, if the Angles at A and D bo fuppofed acute;, 
then the Triangle BDC with two obtute Angles at 
B and C, and one acute at D, is oppofite to the fim« 
ply acute angled Triangle ABC 

16. A fpherical Triangle with two acute Angles and 
one obtufe, is oppofite to a fpherical Triangle fimply 

obtuie, & contra. As, if the Angle at A and D 

be fuppofed obtufe, then the Triangle ABC, with 
two acute Angles at B and C, and one obtufe at A, 
is oppofite to the fimply obtufe angled Triangle BDC. 

17. The three Angles of every fpherical Triangle 
are greater than two right Angles. 

^ This is manifeft in fpherical Triangles havkg more 
nght, or obtufe Angles than one. But in acute angled 
Triangles, it may be thus demonftrated : 




in 
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: la cbe right aogted fpherical Triangle ABC, right 
angled at C aod acote angled at A aoaS) 

BACp »r EF 

The "«<'"« ?f-jABCr |-X<.by the 4»i hereof, 
thcacatc Angle J or C i^3^^ C 

DBE 

Bat the Arches £F and BD together are equal to 
aQaadrant-) therefore the Arches FE and Gl added 
together are more thaa a Qiiadrant ; and cooieqnently 
the Angles anfwering to thefe Arches^ namely the 
Angles BAG and ABC together^ are more than a 
Qpadranr. But the Angle AGB is a right Angle, 
therefore the three Angles together are greater than 
two right Angles. 




a. 

Again, ia the acate angled fpherical TrlapgU 

The Mcafote ^KLM^ r NO 

of the acutc^MKLf isthe Arch3 VXl 
Angle C LMK3 C qj^. 

Bat thefe three Arches NO,VX, and QR, together; 
arc more than two Qaadrants. For PQand PV (be- 
ing the Comptemtnts of the two Arches Qjl and 

B X VX) 



68 Spherical Trigonometry. Part I; 

VX) added together arc Icfs than the Arch NO, 
the Meafurc of the third Angle ; confeqocntly the 
three Arches, which are the Mcafures of the three 
Angles, are more than two Quadrants. 

Tbas ha?ing fet down the molt principal Defini- 
tions, and Affcftions of fpherical Triangles, I ihall 
next give the ufual Axioms, with their Demon- 
ftrations-, and then Iftall lay down the univerfal 
Propofition of the Honourable the Lord Nefer^ by 
which an the Cafes of right angled Triangles, and the 
firft ten Cafes in oblique angled Triangles arcfolved. . 



CHAP- VIL 

Of the four Tandamenul Axioms, for the Solu^ 
tion of ff her icd Triangles \ with their DemoB^ 

firdtio9ts. 

^ AXIOM I. 

IN right angled fpherical Triangles, having the 
the fame acute Angles at the Bafe •, the Sines of 
the Hypothcnnfes, and of the Perpendiculars, are pro- 
portional one to the other, & contra. 

IS 

If the Qpadrant of a 
Circle CBEG be inclin- 
ed to another Quadrant 
CADG, and two. other 
perpendicular Quadrants 
cut both of them, viz» 
FBAG and FEDG, and 
the latter cuts them in 
their Extremities in D and 
£: having let fall Per pen- 
dicularsfrom thecommoa 
Sedions £ and Bj thro the Planes of the perpendi- 
cular 
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colar Qaadrants, and the inclined Qaadrant, (v/z.* on 
tbc one fide EG and BH, as right Sines of the Seg- 
ments EC and BG ; on the other EI and BK, as rigfit 
Sines of the Segments ED and BA) yon'U have two 
Triangles EIG and BKH, right angled at 1 and K, 
eqniangQlar at G and H (by reafon of the fame in- 
clination of the Plane CBEGC} and confeqoently 
^milar. 

Bat thefe things will be much more nataral if yoa 
cat fonr Quadrants of fine Paft- board, (as I have done 
for my own Satisfadion and others.) Yoa may ftrike 
a Circle, and divide it into four Quadrants, by draw« 
ii|g two Diameters at right Angles to each other, and 
catting the Strokes half thro : Bot cot two of them 
qaite afander, that is, cat one ftroke from the Center 

aaite thro ^ cat in each of thofe two a (lit, that is, 
it one of them about half way from the Center to- 
lyards the Limb ^ the other flit half way from the 
Limb towards the Center : then pat them one over 
the other, and tarn it op, one of the whole Qua- 
draats at right Angles to the other, and the other 
two Quadrants at right Angles to the Planes of the 
Qpadrants they fall upon,. fas near as you canguefs) 
and fatten them with Glew or Shoemakers Pafte, So 
IhaU yoa have the fpherical Triangle ABC (in this 
Paft-board Inftrnment) in its natural Order, with the 
Complements of the Sides ^ and you may eafily draw 
Lines within it, to reprefent the Sines of the Sides } 
which being drawn, you will find the|Sines of the Hy« 
potbenufes and Perpendiculars, with the Lines IG, 
and KH, to form thefimilar Triangles EGI and BHK 
above-mentioned. 

The two Tangent Lines DM and AL will be only 
imaginary Lines raifed from the bottom edges of the 
two perpendicular Quadrants, which with the Sines 
of the Bafes DG, (or Radius) and AH, and the Lines 
HLandGM drawn from the extremities of the Sines 
of the Bafes at H and G, and by the extremities of the 

P 3 Hypo- 
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HypotheDofes of the fphericalTrian^cs at Band E» 
aod imagined to be exteoded to L aad M aboYc, 
where the Tangents meet with them , thefe Lines fo 
drawn, or imagined to be drawa, will form two other 
fimilar Triaogks reprefented in the Scheme by AHL 

and DGM. 

There are in this Fignre canftituted by the feveral 
Circles twofpherical Triangles ABC, and CDE, which 
at this time «e iball principally make life of} ia 
vvbicb, 

Bafesare -5dC&ACJ 

Kow the Angle ACB at the Bafe is com men to both 
Triangles 5 and the Triangles made by the Sines of the 
Hypothenofes and Perpendiculars being equiangniar, 
the Sides about the eqoal Angles will be proportional 
(bfEucl. Lib. 6. Pr.4.) That Is, 

EG: EI :: BH : BK, Or, EI : EG : : BK : BH. 

But EG being the Sine of the Hypothenaie EC, 
and EI the Sine of the Perpendicular ED, in the 
fpherical Triangle EDC, right angled at D i and BH 
is the Sine of the Hypothenufc BC ; apd BKthe Sine 
of the Perpendicular BA, in the Triangle ABC, right 
angled at A : . Therefore the Sines of the Hypothe* 
Bufes, and of the Perpendiculars are proportional ^ 
which wa$ to be demonltrated. 

AXIOM II. 

In right angled fpherical Triangles, having the 
fame acute Angles at the Bafe ; the $nesof the Ba- 
fes, and the Tangents of the Perpendicularsy are pro^ 
portionali <^€9mrs. 

la 
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In tbe tvro Triangles DGM and AHL, in the for* 
mer Diagracn^ DG being the Sine of the Bafe DC 
of tbe fpherical Triangle £DC, AH is the Sine 
of tbe Bafe AC of tbe fpherical Triangle ABC, and 
DM and AL are Tangents of the Perpendiculars of 
the fame fpherical Triangles ; (but this will more 
plainly appear by the Palt-board Inftramcnt, as it is 
above explained.) Now thefe Triangles being eqoian- 
gnlar, the Sides will be proportional to each other; 
that IS, 

DG:DM :: AH:AL Or, DM:DG :: AL: Ali 

Bat DG and AH lire Sines of the Bafes of the fphe- 
rical Triangles EDC, and ABC^ and DM and 
AL are Tangents of the fame fpherical Triangles. 
Therefore the Sines of the Bales, and Tangents of the 
Perpendicalars are proportional, and the contrary : 
which was, &c. 

AXIOM IIL 

In all fpherical Triangles, tbe Sines of their Sides 
are diredly proportional to the Sines oft heir oppofite 
Angles, &contr4. 

Let ABC be a fpherical Triangle right angled at 
C i and let the Sides thereof be continued ttQ they 
make the Qnadrants A£, AF, and CD. Allb froni 
tbe Pole of the Quadrant AF, viz* from D, let there 
be two other Quadrants drawn to H and Fj fo fliatl 
there be three new Triangles, BDE and GDE 
right angled, and BDG oblique angled. Now I 
iay, in the right angled fpherical Triangle ABC, 



F4 ACB 
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V 

I 



ACB : AB : t ABC : AC 

Or, ACB : ABC :: AB : AC, &c: 

Like wife, in theObliqae aogled fpherical Triangle 
BDG, I fay, 

BDG : BG : : BGD : BD and fo is DBG : DG, &c. 

Firft, As to the Right-angled Triangle ABC, 

wh^r^Jn C ACB)and the C AEor NDPfJ^ °J, 'i* 

the Angle^^3c5^hereof 2oP Sof Cbajftf! 

Now, it is all one if I fay, 
ACB: AB :: BAG:BC Or, AE : AB :: ^F tBC 
Axiom I. . 

In like manner, it is all one iff fay, 
ACB : AB : : ABC : AC. Or, OB : AB : : OP : AC 
Axiom I . 

Bat by the Rules already demonftrated, 
ACB : AB : : ABC : AC, and fo is BAC : to BC. 

Therefore, 
As the Sine of ABC : AC : : the Sine of BAC : BC 

Secondly, As to the Obliqae angled Triangle BDGi 
becaofe fby the Demo^ftratioa of Right aogkd 
above) ' * . 

BD 
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BD:DfiB::DE:DBE. Aad, DG : D£G ::D£: 

DGE. 

Alfo, 
DG : DB : : DBE (or DBG) : DGB, &c. 

And if from 69 a Perpenoicular be let fall to S ; 

Becaafe then, 
BD : BSD : : BS : BDS. And, 
BG : BSG :: BS : BGS, or to BGD. 

Therefore alfo, 
BG : BD : : BDS (or BDG) : DGB, &c: 

For if thas, 

^Cq^ ie J ' CtfsJ^ Then 
40" 53 C 5<f Which was to be 

denaonftrated. 

AXIOM IV* 

This Axiom is made ofe of in refolving the XI. and 
XIL Cafes of Obliqae angled fpherical Triangles, 
vr here three Sides are given to find an Aagle, or three 
Angles to find a Side. And is thus. 

As the Redangle of the Sines of the Sides compre- 
hendicrg the required Angle, is to the Square of Ra- 
dios ; fo is the Redangle of the Sines of the half 
Sam, and half difference of theBafe, and difference of 
the Legs, or Sides comprehending the Angle required , 
to the Square of the Sine of half the Angle required. 

Before I proceed to the Demonftration, I will lay 
down the following Lemma, to facilitate the Work, 

LEMMA. 

The veded Sines of two Arches given^ the right 
Sines of jrhe half Sum and half difference of thofe 
Arches are mean proportionals between the wholo 
Siae, ^nd half the diflference of the verfed Sines. 

. . ' Let 
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Let the giren Arches be 
PBand PC, and their ver& 
ed Sines PB, and PV, their 
difference is £V j the Sum of 
the given Arches EPC, and 
their di^rence CY. .Alfo 
let the Sine of the half Som 
be EO, or OC, and the 
Sine of half the difference 
CK : I fay» that OE and CK are mean Proportionals 
between X^ and CL. For the Angles EXO, CYE, 

and CKL are eqoaU (by £«*'• i»*« 3- '»"•?• *0') «n<l 
the Angles at O and L are right. Therefore the TrU 
tagles XEO, KCL, are alike, and X£ : £0 ;: KC 
: CL. Which was, ^c 

CONSECTARY. 

If the Triangle ECY is infcrtbed in a Circle, end 
from any Angle, as ECY, the Perpendicular do foU on 
the oppo&te fide EY, the half of the Legs OC, CK, 
are mean proportionals between half the Perpendicular 
CL, and Semidiameter of the Circle XE : therefore 
the Rcdangles of OC, CK, and XE, CL are cqa«l. 



Ut 
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Let the Sides of the Triangle ZPS be koown^ and 
the Angle required be SZP j then (hall ZS the one 
Side be cqaal to ZC ; and PC will be the Difference 
of tbe Sides. In like manner (hall the Bafe PS be 
eqna] to PY, or PE; and CB the Sum of the Bafe 
and of the difference of the Sides j and CY the dif- 
ference of thetn. All thefe things are known. More- 
over draw PV, the Sine of the Side PZ| and CI is 
the Sine of the other Side ZS, let it be continued to 
S. In like manner let CT be drawn Perpendicular 
to the right LineEY^ and OK bifleding the right 
Lines EC, SC, CT, and CY. Laftly, let the Arch , 
UT) be the meafure of the Angle fought PZS, and ' 
the right Line MN perpendicular to the right Lino^ 
GH, bifled the Lines HD and HG. T fay then. 

As the Redangle Figure of the Sines cf the Siloes 
PV, CI, 

To the Square of the Radius PX; 

So is the Redan|Ie Figure of the Sines of the half 
Sam, and half difference of the Bafe^ and of the 
difference of the Sides OC, CKt To 



7<5 



Spherical Trigouomettyl • Part I. 



To the Sqaare of the Sine of half the reqair'd 
Angle HM. 

For the Triangles XPV, XAI, SAB, and SCT, are 
Eqaiangular, becaafe the Lines PX, and CT, and 
alio CI, and PV are Parallels ; therefore the Angles 
SAB, SCT, I AX, and VPX are equal ; and the An- 
gles V, I, B & T, are Right : and therefore it will be. 



From Similar As 
And alfo 

1X2 

3.firftpart-f-c8 

4. firft part-i- J 

5. iftpart xHX 

Bat 
therefore, 5,6,7 



I 

2 



4 

5 

6 

7 
8 






CTtCS :: PV:PX. 
CS : HG : : CI : HX. 
CTxCS : CSxHG : : PVxO : 

PXxHX. 
CT : HG :: PVxCI : PXq. 
CL : HN : : PVxCl : PXq. 
CL : HN : : CLxHX : HNx 

HX=HMq: 
CL X HX = OC X CK, by the 

Lem ma above. 
PVxCI:PXq ::OCxCK: 

HMq. 

Which was to be demooftrated. 



This 
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is jiicUm mny \e othervnfe demonfiratidj tbutl 

The Sides of the Triangle DBQ, being knowa, let 
the Ao^e B be required ; the Triangles LQK^ ^^^ 
CQE are like, becaufe their correfpondent Sides are 
parallel ; the Angle Q^is eqoal to G£, or the Side DB ; 
the Angle K is equal to £, which is eqaal to half 
LDC, the Bafe and Difference of the Sides i KL is 
cqnal to the Bafe, lefs by LD the Difference of the 
Sides , KBE is the Sam of the Bafe and Sides ^ CE is 
the Difference between the Bafe DQ., and the Sum of 
the Sides DE } the Angle KCE is equal to half the 
Complement of KDE the Sum of the three Sides, 
and therefore the Sine of KCE is alio the Sine of the 
half Sum of the three Sides KD, DB, and BE i and 
OJE is the verfed Sine of the Angle B, and QL the 
verfed Sine of the fame Arch in a leffer Circle -, Ox is 
the Ycrfed Sine of the Complement of B, and QE 
the verfed Sine of the like Complement : And JER 
is equal to the Sine of half B ; and Has is equal to the 
Cofine of half B. Firft in the Triangle Q^K i 

By 
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By plain Trigon, 

And 
From lit and*^ 
ad, by mult, 
extremes audi 
means, and re- ^ 
docing them to 
Froportioo^ 
By mult, the 
latter part of] 
3d by Ai£, 
By Simil. As 

$ ••• \ 

From4tb^ tfth| 



I 

2 



4 



5 
6 

l7 



s.<i:s.K:: 4.KL :4Q.L 
VL:A£ ::4QJL:^N 



sQjcVL : sKx t KL: : *A : ^N 



sQxVL : sKx * 

£MxA£ 



:: AJEq : 



I 



Affx^N=JERq 
sCixVL : sKxf KL :: A^ : 
&K<\. Therefore, 



As the Redangle of the Sine of BD in VL (the 
Sine of BQ) the Sides compreheodiog the Aa« 
gle B, . 

To the Square of AiE Radios} 

So is the Redangle under the Sine of f LC, the 
Sam of theBafe and Difierence of the Sides, and 
the Sine off KL, the Difference of theBafe and 
Difference of the Sides, 

To the Square of £R the Sine of half B, the An* 
gle required. 

Another Variety may bethis. 

As the Redangle under the Sines of the Sides com* 

prehending the Angle required. 
To the Square of Radius ; 
So is the Redangle made of the Sine of the half 

Sum of the three Sides, and the Sine of half 

the Difierence of the Bafe and the other Sides, 
To the Square of the Coline of half the required 

Angle. 

In 
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t 

2 



la the A QCB 

And 
FiDED I and 2|'\ 
by molt ex- 
tremes and 1 
means, andf M 
redo, to pro- I I 
portiobals, J 
By molt, tbe^ 
latter part ofv 
3j by Ax. > 
From fimlL A 






From 49 6^ | 



sQ :sC:: ^CEifQJB 
VE:A« :: tQ]l:«F 



«QxV£ : sCxiCB : : Aae : sP 



sQxVE : sGk i CE :: Acq 4 

sFxAa: 

Ax :xH :: ZKtxP 

Aax^FiraeHq 

sQ^x VE : sCx i CE : : A«q : 

aHq- That is. 



As the Redangte of the Sines of the comprehend- 
ing Sides, sQ^abd VE, 

To the Square of Radios Ax ; 

So is the Re£taQgle^f the Stnes of the half ^mn of 
the 3 fides KCE, and half Difierence of the Bafe 
and other Sides i CE, 

To the Sqaare of aeH, the Cofine of half the Angle 
B required* 

l%is Axiom tmy he otherwife VMried^ thus* 

As the Redangle of the half Sam of the three 
Sides, and Sine of the Dlffiirence of the Bafe and 
half Sam of the Sides, 

To the Square of Radius ^ 

So is the Reftangle made of the Sine of the half Sum 
«of the ^afe and Difference of the Sides, and Sine 
of the Difference of the Bafe and Difierence of the 
Sides, 

To the Square of the Tangent of half the Angle 
required* 

That 
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That is. 

The 2d Sq. 
By the 7 ftep? 

Page 79. 5 
Bytbevftep? 

Page 78. S 

From 4, 5 
From 2, 6 

Aodallb 



2 

3 

4 

5 



7 
8 



Go-Cne : Sine :: Radios : Tan- 
gent. 
xH'.EK :: A«: t^B 
3cHq:iERq :: AaeqttiBq 

sQxVE : sCxi CE : : Aaeq : «Hq. 
sQxVL : sKx f KL : : A^ : EKq. 

sCxfCE : sKxtKL :: aeHq: 

JERq. 
sC)ciCE : sKxfKL:: A«q : 

ttBq. 
sKx f KL : sCxCE : : A«q : c tf Bqi 

Hence it is. 



As the Reftangk of the Sines of the half Sam of the 
three Sides, and of the Difierence of the Bafe 
and half Sam of the Sides, 

To the Sqaare of Radius ^ 

So is the Redangle made of the Sines of the half 
Sum of the Bafe and Difierence of the Sides^ and 
the Difference of the Bafe and Difference of the 
Sides^ 

To the Square of the Tangent of half the Angle 
fought. 

Or it i»4y h Qtherwife exfrejfed^ thus* 

As the Redangle of the Sine of the half Sam of the 

three Sides, and Sine of the Difference of the Bafe 

and half Sum, 
To the Square of Radios 5 
So is the Reftangle made of the Sines of the Diffe* 

rence of each containing Side and half Sum, 
To the Square of the Tangent of half the Angle 

required.' 
Which is in effed the fame as the former. 

Thus 
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Tbas baire I fofficiently explained anddemonftrated 
the Foar Axioms, by wbich all tbe Cafes in Spherical 
Triaogles may be folded 9 yet I (hall recommend to yoa 
oaeaniveriai Propofition, by which alooe ail the Cafes 
(exc«p£ when afll the Sides are girea to find an Angle, 
or all the Angles gWeo to find a Side) are folved ; and 
which is as foUoweth. 

The Vniverfd Propofitiony or Jxutm^ firfi hventei 
by the kkht Honourable John Lord Neper^ 
B4ro9 of Merchiflon in Scotland 

.3 E.CT. I. 

T N a redangled Spherical Triangle, there are (be- 
1 fides the right Angld) five other Parts i Whereof 
thbfe three which are more remote from the right 
Angle, Lord Kfefer changed Into their Complements* 

As in this Triangle ABC, 
right angled at A ; for the three 
rcn!iote Farts, to wit, the Angles 
B and C, and the Side BC, he 
takes their CoiUpIemeiit$ ^ thefe 
three Complements, with the 
Sides AB and AC, do make five 
Farts, which he caUeth Circolar 

(SxAt AB 
I Side AC 
Fk.. tbe-^ Complement of the Angle at B 
I Complement of the Angle at C 
[^Complement of the Side BC. 

Bat the right Angle at A is fet afide from being any 
of the circular Parts. 



SECT, 
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SECT- II. 

Kow ia the refolotioo of i rcdaogled fpherical 
Triangle there are t9ip other Terms givea (befides 
the right Angle) to fiad oat a third. 

SECT. ill. 

Thcfe three Terms (namely the two that are gi- 
ven, and the third which is repaired) moft be firft 
looked opoQ according to their arcular Parts. 

SECT. IV. 

Of which one is named the middle ("or mean) Part \ 
the other two are called the extreme Parts 9 borrow*- 
ing the Appellation from the fituation of the Terms 
themfelves : for, of three Terms, one moft neceflarily 
be in the middle, and the other two in the extremes} 
therefore the circular Part of the middle Term, is 
called the middle Part ; and the circular Parts of the 
extreme Terms, are called the extreme Parts. 

SECT. V. 

But the extreme Parts may be twofold, either 
Conjund:, or Disjund : For thofe three Terms ^be« 
fides the right Angle) do come in queftion according 
as the two Extremes are from either Part immediate- 
ly joined to a third Mean, or disjoined from the 
fame by a Side or Angle interpofed on both fides; 
fo are their circular Parts named Extremes Conjundy 
or Extremes DisjunA. 

S E C T. Vl. 

But of thofe three Terms which fall in qoeftioo, 
we will fubjed all fheir varieties ia their circular 

Parts, 



i 
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Paints, aotording as every one of them oogbt (in re« 
fped of each other) to be called the middle Part, or 
the Extremes Con)iiQ& or Disjand ; as in the follow- 
ing Analylis or Table is fuDy demonftrated. 



Side AB 






rSideACficCom.B 
Side AB& Com. C 



In 



Side AC , - g . . ^ , 

If thc-< Compl. C > IJ < Side AC & Com. BC > S .1. >: 
ICompl. BMtT SideAB&Com.BC «!.§ I 
l^Com. BG J JJ 2, ^Com. B & Comp. cj 5 J 

And 
' fCbm. BC & Comp. C 






>-s a. 




I Comp. BC & Com. B 
^ Side AB & Com. B 
Side AC & Com. C 
[side AB & Side AC 

Bat here it is to be noted, that 
the Sides AB and AC comprehend^ 
mg the right Angle A, are fop- 
pofed to 1^ joined together, be- 
caofe the right Angle is not reck* 
oaed amonglt the circular Parts. 



SECT* VII. 

^ Therefore in the Refolation of a right angled Tphe- 
Tical Triangle, to know the mean and extreme Parts, 
yoa mnft obferve, that, 

I. If one of the three Terms (which befides the 
right Angle, comes in qaeftion) doth ftand alone by 
it felf, fevered from the other two on both fides, (as 
the SideBC, from the Sides CA and BA, by the An- 
gles B and C intcrpofed; that Ihall be the middle Term, 
and fo its circular Part Ihall be called the middle Part j. 
and the other two circolar Parts are the Extremes dir« 
joined^ Bnt, 

G i. 2.1f 
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2. If the three Terms do immediately adhere to- 
gether, the middle Term doth eafily Qiev the middle 
Part i and the extreme Terms the extreme Parts Coa« 
jaad. 

Thefe things being all rightly anderftood, the whole 
Trigonometry of Sphericals will be refolved by t^is 
one PropofitioD, which therefore we call CathoUck or 
Uoiverfal. 

SECT. VIIL 
The Vmverfdl Profofititm. 

The Sine of the middle Part, and Radias, are reci- 
procally proportional with the Tangents of the ex- 
treme Parts Conjnnd, and with the Co-lines (or 
Sines Complements; of the Extremes Disjand. That 

As Radios 

To the Tangent of ooe of the Extremes Coftjanft ; 
So is the Tangent of the other Extreme Gon)DQd, 
To the Sine of the middle Part} & c^air^u 

Then alfo. 
As Radius 

To the Co- fine of one of the Extremes Disjand ; 
Sa is the Co-fine of the other Extreme Disjanft, 
To the Sine of the middle Part, & contra. 

CcroUary. 

Wherefore, i. If the middle Part be foaght, the 
Radios (haU be in the firft place of the Proportion ; 
but if one of the Extremes be foaght, then the other 
Extreme (ball be in the firft place. Of the fecond and 
third places it mattereth nothing how they are dif* 
poled* Alfo, 

2. If the Extremes in any Proportion be DisjanA 

from the middle Part, the Proportion will be per- 

, formed 

V 
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formed by Siaes only : Dot if the Extremei be Coti- 
)Qnd to the middle Part, It wiQ be performed by Sines 
and Tangents jointly. 

Tho a particular Demonftration of this aniverfal 
Propolition may ftem needlefs, becaafe where the Ex- 
tremes are Disjand, the Proportion differs nothing 
from the common ones*, and in the Extremes Con- 
jand, wisere it is commonly fald, 
As Radios 
To the Tangent 5 
Here we lay. 
As the Co-tangent 
Is to Radius : 
And likewife inverfely and contrarily^ which is 
plainly the fame thing ; becaufe the Radius is a mean 
proportional between the Tangent of an Arch, and 
the Tangent Complement of the fame. Arch: Yet for 
the benent of the ingenious, t will give the following 
DemonRratioQ. 

If five great Circles df the Sphere be fo ordered, 
that the nr(l: interfe^s the fecond, the fecond the 
third, the third the fourth, the fourth the fifth, and 

the fifth the firft^ 
at right Angles i 
the right angled 
Trianglej. made 
by their Inter- 
fedions, do all 
confift of the 
fame circular 
Parts. 

Let G repre* 
fent the Zeoith, 
A the North 
Pole, and D the 
Son being in the 

Horizon: So that 

IGfi is an Arch 

G 3 of 
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of the Meridian of the Place^ BDF an Arch of the 
Horizon, FEC an Arch of the Circle defer ibed aboit 
the Sun, CAH an Arch of the Meridian of the San, 
HLI an Arch of the Eqninodiah Then do thefe five 
Arches retain the Conditions required. 

The firft interfering the fecond in B \ the fecond 
the third in F ^ the third the fourth in C ; the fourth 
the fifth in H i and the fifth the firft in I ; and thefe 
Interfeaions at B, F, C, H, I, are at right Angles : 
there I fay the right angled Triangles made by the In- 
.terfedions of thefe Circles, namely A ED, DHL^ 
LFE^ EIG, andGCA, do confifi: of the fame circular 
Parts *, as here appeareth. 

The five circular Parts in the 

ABD, are AB^BD^com.BDA^com.AD.com.DAB* 
|DHL, are com.HLD,com.LD,com.LDH,DH^HL. 

LFE, are com. ELF, LP, FE, com. FEL, com. EL. 
JEIG, are IG, com.lGE, com. GE, com. GEI, El. 
.GCA, are com. GA,com. AGC, GC,CA,coQi.dAG. 

Where you may obferve, that to the Side AB in 
the firft Triangle, is equal the Complement HLD 
in the fecond, or the Complement of ELF in the 
third, or IG in the Fourth, or the Complement of 
GA in the fifth, d-c- The fame uniformity of the cir- 
cular Parts is alfo apparent in quadrantal Triangles. 

As in the fame Scheme G from D, D from E, E 
from A, A from L, and L from G, are diftant by 
Arches each eqoal to a Qjiadrant. Here are therefore 
five quadrantal Triangles, as appears in'the Scheme* 



Of 
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Of the five circular Parts im a ffberical Triangle^ 

right angled^ or quadrantaL 

TH E Sioe of the middle Part with Radios, is 
equal to the Tangents of the Extremes adjiceac, 
or totheCp'Gaesof the Extremes disjund. 

PARTI. Toaching the firft part of this Axiom, 
in riftbt angled Triangles \ the middle Part is either 
one of the Sides, or oae of the oblique Angles, or the 
Hypothenofe. 

CASE I. Let the middle Part be a Side; as ia 
the Triangle ABD, let AB be the middle Part, and 
BD, and the Complement of A, the Extremes adja- 
cent : Then I fay, that the Sine of AB the middle 
Part, with Radius, is equal to the Tangent of DB, 
with the Tangent ofthe Complement of DAB. 

For (by Axiom 2. Page 70, 7 1 .) as the Sine of AB is 
to Radius, fo is the Tangent of DB to the Tan* 
gent ofthe Angle at A : Therefore alfo alternately. As 
the Sine of AB, to the Tangent of DB; fo is Radius 
to the Tangent of A. 

But Radius is a ^nean proportional between the 
Tangent of an Arch and the Tangent Complement of 
the Arch. So then it is. As Radios is to the Tangent 
of A, fo is the Tangent Complement of A to Ra- 
dios. Then it will be. As the Sine of AB to the 
Tangent of DB, fo is the Tangent Complement of 
A to Radius. 

CASE 2. Let the middle Part be an Angle, as in 
tb$ Triangle DHL, let the Complement of HLD be 
the middle Part, andHL and Complement of LD the 
Extremes adjacent : Then I fay, that the Sine Com- 
plement of HLD with Radius, is equal to the Tan- 

G 4 gent 
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gent of HL| with the Taogcot of the Complement 
of LD. 

For the Complement of HLD UeoaaltoAB, and 
the Complemeiit of LDii DB^ and HL is the Com* 
plement of DAB ; and we proved before, that the 
Sine of AB with Radios, is eqoal to the Tangent 
of DB with the Co-tangent A : Therefore alfo the 
Co- fine of HLD with Radins^ is equal to the Go*taa- 
gent of LD with the Tangent of HL. 

CASE}. Let the middle Part be theHypoChe- 
nnfe, as in the Triangle GC A, let the Complement of 
AG be the middle Part, and the Complement of AGC, 
and Complement of CAG, the Extremes ad jacent 

Then alfo I fay, that the Co-fine of AG with Radios 
is equal to the Go^tangent of AGC, with the Co- 
tangent of GAG. 

For we have before proved, that the Sine of AB 
with Radius is equal to the Tangent of DB with the 
Co-tangent of Aj but the Complement of AG is 
equal to AB, and the Complement of AGC is equal 
to DB, and the Complement of CAG equal to the 
Complement of DAB* Therefore alfo the Co-Cne of 
AG with Radias, is equal to the Co-tangent of AGC, 
with the Co-tangent of CAG. 

Therefore in a right angled Triangle, the Sine of 
the middle Part with Radius, is equal to the Tangents 
of the Extremes adjacent, 

I lay further, that, 

PART II. The Sine of the middle part wkh Ra- 
dius is equal to the Sines Complement of the oppoCte 
Extremes. 

For here alfo the middle Part is either one of the 
Sides, or the Hypothenufe, or one of the oblique 
Angles. 

CAS£ 
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CASE I. Let Cbe middle part be a Side, as hi the 
Trkngle ABD, let DB be the middle part, and the 
Complement of AD, aad Compleiqeot of A^ the Ex^ 
treraes Difjund* Then I fajr, ibac the Sine of BD 
with Radius, is eqaal to the Sine of AD with tbo 

5iifie A 

For (by Axiom 1. Page 68.) As the Sine of AD 
to Radius, fo is the Sine of DB to the Sine of A ) 
therefore, the Sine of DB with Rudias, is equal to 
the Sine of AD with the Sine of A. 

CASE 2. Let the Hypotbenufe be the middle 
Part, as in the Triangle DHL ; Ut the Complement 
LD be the middle Part, and DH and HL, the Ex« 
tremes DUjond : Then I fay, that the Co-Cne of LD 
with Radios, is equal to the Co-fine of DH with the 
Co- fine of HL. 

For the Complement of LD is equal to DB, and 
DH equal to the Complement of AD, and HL equal 
to the Complement of DAB : And it was proved be* 
fore, that the Sine of DB with Radius, is equal to 
the Sine of AD with the Sine of DAD. 

CASE 3. Let one of the oblique Angles be the 
middle Part, as in the Triangle £iG v let the Com- 
plement of ICE be the middle Part: then I fay, that 
the Co-fiaeof IGE with Radius, iaequat to the Sine 
of GBA with the Co-fioe of EL For the Complement 
of IGE is equal to DB; and GEI is equal to AD) 
and El h equal to the Cooiplement of DAB. 

Therefore in a right angled Triangle, the Sines of 
fhe middle Pars with Radius, are equal to the Sines 
Complement of the Extremes disjund. Which was 
to be demooftratid. 

Bat hero >tote, That when a Complement in any 
Proportioa does chance to concur with a Complement 

in 
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in the circular Parts, yoa muft always take the Sine 
it felf, or the TaDgeat it felf, ioftead of the Co-IiDe 
or Co* tangent in the circular Parts } becaufe the Co* 
fine of the Co-fine, is the Sine,- or the Co*tangent of 
the Go-taneent is the Tangent it felf. As in Cafe 
the firft) where DB is the middle Part, smd the Com- 
plement of AD| and Complement of A, the Extremes 
Disjund ; here becaufe the two Extremes fall npon 
Complements in the circular Parts, therefore it mult 
be the Sine of AD, and the Sine of A, becaufe the 
Co«-fine of the Complement is the Sine. 

Having explained and demonftrated the fcvcral 
Axioms, I fhall nest proceed to the Solution of the 
Sixteen Cafes of right angled Spherical Triangles, 
both by Lord Neftr^s Univerfal Propofition, and alfo 
by the three firit Axioms, as foUowetb. 



CHAP. VIII. 

The Solution of thi Sixteen Cafes of right angled 

Sfherical Triangles. 

CASE I. 

The Hyfothenufe JC^ and the Angle J given ^ to 
find the offofite fide BCj the middle Part. 

ASS.AG: 8. AC :: S.DG: 
s. BC. (by^;c. I.) That 
is. As Radius : s. AC : : $• A : 

S.BG 

Which is agreeable to the 
univerfal Propofition ; for QC 
being the middle Part, the Pro^ 
dud of the Extremes Disiurid^ 

will 
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will be eqaal to the Produft of Radias mt\i the middle 

Part. ^ ^ 

Let AC be 46*" 31^ and the Angle A 40*" oo\ then. 

As Radios 10^ 

To the Sine of AC 46^ 31' 9.8606821 

So is the Sine of A 40^ 00' 9.808067 $ 



To the Sine of EC 27^ 48' 



9^687496 



By Scalt Mi Ccmpufes. 

Extend the CompalTes from the Sine of 90, to 46^ 
31^; that extent will reach from 40^00' to 27'' 48' 
ia the Line of Sioes. 

Vfw the hiding Rule. 

Set 90 oa SSy to 46'' 31^ on S i then agaipft 40^ oo' 
on SSj is 27'' 48' on S. 

The §ide found will be lefs than a Quadrant, if the 
A«gl« oppolite thereto be acute, but greater if obtufe. 



\ 



CASE IL 

The Hffothenufe JCy and the Angle C gi'veftj to 
find the Side ddjacent BC^ ieing m Extreme 
Conjanif. 



Ass. £1: s.EF::t.IG: t. FH 

(by j4x. 2.) 
That is. As Radius : cs.C : : t. AC 
:t;BC. ^ 
Bat, by the nuiverfal Propofi« 
tioQ, the Complement of the Angle 
C is the middle Part) and the Com- 
plement of AC, and the ilde re- 
quired EC, are Extremes Con- 
JQod ; therefore it will be. 
As ct. AC : Radias : : cs. C : t. BC 
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Let AC (ia the Triangle ABC) be 4^ 31', tod C 
tfo'oc/. 

.Then, As Radios to cs. C tfo*" oc/ 9.698970 

So i« t. AC 46" 3 1' 10.023003 

To t. of BC if 48' 9«72i 973 

ify Scale 0ii Cemfafet. 

Extend the CompalTes in the Line of Sines from 90^ 
to 30'' (the Convp. of C.) that extent will reach from 
46"" 31^ in the Line of Tangents, down to 2/ 48^ 
Here the Line of Tangents is fuppos'd to be continn'd 
forwards beyond 45''; bat If the Line of Tangents ex« 
tend no further than 45% and then be nnmbered down- 
wards again, as molt Lines of Tangents are^ then 
that firft extent mult be applied downwards from 4$"" 
in the Line of Tangents, and the lower Leg of the 
Compaflfcs kept there where it fells, till yon pdl in the 
other Leg to 45^ 31^, nombred downwards from 45% 
and that taft extent will reach from 45* to 27"" 48', 
the Side fought. 

Bytbt SliSng-RMle. 

Set Radios on SS to 30^ on S, then againit 4^ on 
TT, obierve what decree and minute on T \ then 
move T down wards, till the fame point ftandag^inft 
A^^^l^' on TT 5 and then againit 45"" on TT yon bate 
27^ 48^ on T. But this troabte and- inconvenience 
may in fome meafare be removed^ by having the 
Slider fomewhat longer than they nfually are, and 
the Tangent Line cOttttDued to the end thereof^ for 
then yon will have no more to do, but to fet Radius 
on S CO 30"* on SS, then againft 4/^ 3 1^ on T is zf ^ 
on TT. 

The Side fought will be lefs than a Qoadraot, tf tlie 
Hypothenufe be lefs than a Qaadrant, and thg given 
Angle acnte } or, if the Hypochenofe be greater thaa 

aQua- 
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s Qpadrant, and the given Angle obtofe : Bot it will 
be greater than a Qpadrant, if the Hypothenofe be 
lefs than a Quadrant, and the givea Aogjle obtufe; or 
if the Hypothenufe be greater than a Qpadrant, and 
the givea Angjf acnte. 



i4mmm 



CASE IIL 

The HjffoibenMfi JC^ smJL the Jftgk A givem ; tt 
fnd the mh^sr (AUfife Jpgli Cy 4». EMtfemi Om* 

AssXG :S.CI;:t. RG: t; 
IF (by .^.2.) 

That is. As cs. AC : Rad. : ; 
ct. A • t. C. 

But hy the oniTer&l Proiia- 
fition^ the Comp. of AC is the 
middle Part, and the Comple- 
wsxesit of A and C the Extremes 
Conjond i therefore |t wiH be. 

As ct« A : cs. A C : : Radius: 
ct« C 

Let AC be 46^ 31' (as before) and A 40*^ oo^ 

Then, as ct. A 40* oo' 10.07*1 8tf 

Tocs.AC4<S^3i' 9.837<579 

So 15 Radios 10. 




To ct* C 60'' 00' 



9.761493 



By Scali Md Ompajfesl 

Extend the CompalTes from 43? 29^ (the Comp. of 
AQ. ta po' in the line of Sines, that extent will 
fowh from 50*" 00^ (the Comp. of A) to 60 in the 
Line ofTangents. 



94 Spherkdl Trigortomeiry. Part L 

By the Sliding RvU. 

Set 43^ 19' on S to 90 oa SS^ thea agaiall: 50^ oa 
TT, is 6q on T. 

The Angle found will be acute, if the Hypothenofe 
be lefs than a Qaadrant, and the given Angle acnte; 
or if the Hypothenuie be greater than a Quadrant, 
and the given Angle obtafe: and the faid Angle will 
be obtofe^if theHypothenofe be lefs than a Quadrant, 
and the given Angle obtule ^ or if the Hypothennfe 
be greater than a Quadrant, and the given Angle 
acute« 



CASE IV. 

Thi Hffotbenufe JCy Md the Side BC given ; t^ 
fnd the Angle A affofite to the Side given^ sn 
Extreme Disjun0. 

« 

Ass.AC:s.AG::s.BC:S.DG 

(by Ax. 1 .) 
That is. As $.AG:R:: s.BCx 
s.A. 
Bat by the nniverfal Propo* 
fition, BC being the middle 
Part, and the Complements o€ 
AC, and the Angle A Extremes 
Disjundf therefore it will be the-fame as before. 
Let AC be 46^ 31', and BC a?"" 48' j then, 
Ass,AC4tf''3i' 9.8<fo68 

To Radius lO. 

So is s. BC 27^ 48' p.66875 

To s. A 40' 00' 9.80897 
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By Scdl* and Ctmf^^cs. 
Extend the CompaiTes from 46^31' to Radios, or 
po°ia the Siaes, that extent will reach from 27° 48' 
to 40". 

By tht Strdit^ RuU. 

Set 4«» 31' on S to $o on SS, then againft 17' 48' 
on S, is 40° 00' on SS« 

The Angle foand will be acate, if the Side giren be 
lefs than a Quadrant -, obtafe, if gr eater. 



C A S E V. 

Tlie Hyfotheuuji JCy d»d the Side BC given ; to 
find the ddJMcent At^le C, the middle Psrt» 

AsMG :8. EI :: t. FH : s/EF 

( Ax. 1. ) 
That is. As t. AC: R ! : t.BC : 
cs.C. 
But by the aniverfal Propo- 
licioo, the Complement of the 
Angle C is the middle Part ; ai^ 
the Complement of the Hypo, 
thennfe AC, and the Side BC are 
Extremes Conjnnd \ therefore it 
will be, 

R:Ct.AC::t.BC:C8.C. 

Let AC be 46° 31', and BC xf 48' : then 




As t. AC ^ 3»' 

To Radios 

So is t. of BC 27" 48' 

To cs. C tfp' oo* 



1 0.023003 

10. 
9.721008 

^,69900% 

4r 
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By Scale and Compajfes. 

Extend the Cotnpafles in the Line 6f Tangents firom 
45"" to 27^ 48^ and apply chat extent frodn 46^ 3 1' 
downwards) keep the lower Leg of tbeCompafles (ixt 
till yoa extend the other to 45, this laft extent will 
reach from 90 in the Sines to 30% the Complement 
of C. Bat if yoa hive a Litae of Tangents with the 
Degtets coatiotted beyoad 4$, yoa need bat extend 
the Compaflcs from 46*" 31' to if 48' ip the Tangents, 
tbA extent will reach from po in the Sines to 30 « . 

By the SUiing Hule. 

Sat ^f 48' on T to 4$ on TT, then againlt 46^ 31^ 
onTT, obferve the Degree and Minote on T, and 
bring that Point to 45 on TT \ 40d againlt 90 on SS, 
yoa have ^(f on S. Bat if yoor Slider have the De- 
grees continood beyond 45% yoa may &t 46* $1' on 
T to 27^ 48' on TTi then agaiaft 90 on S, is 30"" 
on SS. 

The Angle found will be acnte^ if both, the Hypo« 
thennfe, and the given Side be greater^ or lers than a 
Qaadrant \ bat obtufe, if one of them be greater, and 
the other lefs* 



wmmimmmmmmmmmmmmmmtmmmmammmmmmmmm^a^bmmiliti^ 



CASE yi. 



The Hyfothenufe JC^ mi tht Side AB givtm ; to 
fnd the other Side BCy an Extreme Disjum&, 




As s. BD : s. CG : : f. BB : S. 

That is. As c«. AB : cs. AC : : 
R : cs. BC. 

But by the ooiverfal Propofi- 
tioa, the Cofflpleineot of AC is 
the middle Part, aad AB and 
BC are Extremes DisjunCc^ 

therefore 
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therefore it will be the lame as above. 
Let AC be 46** 31', and AB 38° 56^ i then 
ASCS.AB 38's<S' 
To cs. AC 46* 31' 
So is Riadias 
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9.89391 1 

9.837<S79 
10. 

9.946768 



To CS. EC 27° 48' 

By Scale and ComfMJfes. 
Extend the CompalTes from 5 1^ 04^ (the Gomp. AB) 
to 43"" 29^ (the Comp. of AC) that extent will reach 
from 90 to 6z'' 1 1' in the Line of Sines/ 

By the Slidini Rule. 

Set 5 1* 04' on S, to 90 on SS 9 then againft 43^ 29^ 
on S^ is 62** 1 2' on SS, whofc Complement is if 48', 
tlie Side BC fought. 

The Side fonght will be lefs than a Qaadrant, if 
both the Hypotbennfe and given Side be lefs than a 
Qnadrant, bat greater than a Qaadrant, if either the 
Hypotbennfe be greater, and the given Side lefs } 
or if the Hypothenufe be lefs, and the given Side 
greater. 



t^m^^mmm^m 



C A S E VH. 

The Side BCy Md the J^gle cffofte thereunto A 
being given \ to find the other Side jtB^ the 
middle fart. 



As t.DG : t. BC : : S. AD : s. AB 

(by jtx. 2.) 
That is, t.A:t.BC::R. :S. 



Bat by the nniverfal Propo(i« 
0, AB is the middle part, and 
Complement of A, and Side 

H 
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BC «re Extremes Coojood; therefore it will be, 

Rad. ; Ct. A : : t. BC : 8. AB. 

Let the Aogle A be 40" 00^, aad the Side BC 27° 
48' i then 
As Radios, to ct. A 40" 00' 1 0.07^ i gtf 

So is t. BC 27° 48' 9.722C08 

To8.AB38'S«' 9.798194 

By Scsle smd Comf^jfes. 
Extend the Compaflcs from 40** to if /fif ia the 
Tangents, that extent will reach from 90 to 38^ 56^ 
in the Line of Sines. 

By the SUding Rule. 

Set 40** on TT, to 27^ 48'^on T j then againft 90 
on SS is iV" 56' on S. 

The Side found will be lefs than a Qnadrant> if the 
Angle oppofice thereto, and not given, be acute, boc 
greater if it be obtule : In like manner it will be lefs, 
if the Hypothenufe be lefs than a Qoadrant, and the 
Side given alfo lefs than a Qpadrant : Or if the 
Hypothenufe be lefs than a (^adrant, and the given 
Side greater, the Side found wm be greater than a Qua* 
drant: Laftlyt if both the Hypothenufe and Side 
given be greater than a Quadrant, the Side found 
will be lefs than a Quadrant, but greater if the Hypo- 
thennfe be greater than a Qcutdrant, and the givea 
Sideikfs. 



CASB 
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CASE VIIL 

The Side BCy and the AngU dfp^te theteahto J^ 
being given ; to find the &fher oblique Jngte 4r 
C, Extreme DisjunSf. 

As 8. CH : S.CF : : S. GH : S.IF 

(^Ax. I.) 
That is, cs. B C : R. : : cs. A : 

s. C . , .1 

Bqc by the aniverfal propo^ 
ficion, tfie Comp. of A is the 
middle Part^ andBC^ abd the 
Completneot of the enquired 
Angle C, are Extremes Dis- 
janfti therefore the Analogy 
Will be the iatne a% abo?^. 

Let the fide BC be if ^%\ and the Angle A 40" oo^ 




As c$. BC 2^ 48' 

To Radios 

So is cs. A 40" 00^ 

To s. C tf o"* 00' 



10. 
9.884254 



By Scale and Cfmpaffes. 

ErCend the Compaflcs from 6i^ 1 i' (the Conip. of 
- .^'480 ^o Rad. or 90 in the Sin-fes, thai! ert^nt Will 
reach from 50*" (the Comp. of 40*^ to 60 in tlie fame 
Line. 

By the Sliding Rule. ^ 
Set 62" 1 2' on S, to 90 on SS, and againft 50'' on S 
is rf^i3* on SS.- 

^te Angle fdand will be acute, if tbeSid^ not given 
be leXs than a Quadrant , obtufe if greater: in like 

H 2 manner. 



/ •* 
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manner, if the Hypothenafe be lefs than a Qaadrant^ 
and the given Angle acnte* Or if the Hypotheoofe 
be greater than a (Quadrant, and the given Angle ob- 
tofe, the Angle found will be acute : Bat if the Hypo- 
tbenafe he leS than a Quadrant, and the given Angle 
obtufe, or if the Hypotfaenofe be greater than a Qjia« 
drant, and the given Angle acute, the Angle foand 
will be obtufe. 



CASE IX. 

* 

The Side BC^ Mi Angle appofite thereto A given; 
fofndtheHjpotbenufeAC^ Extreme DisjunS. 

As thes.DG: s. BC :: s. 

AG : S.AC {Ax. 1.) 
That is, As s. A : s. BG : : 
Rad. : s. AC. 

But by the univerfal Propo- 
lition, BC is the middle Part, 
and the Complement of A, 
and the Complement of AC 
the Extremes Disjund \ therefore the Analogy will 
be the fame as above. 

Let BC be if" 48' (as before) and ^^c Angle A 
40*^00' 9 then, 
As the s. A 40'' 00' 9.808067 

To the s. BC if 48' 9-668746 

So is Radius io. 




To the s. AC 46^ 3 1'* 9.860679 

By Scale and Comfajfes. 

Extend the Compafles in the Line of Sines from 40* 
to if 48', that extent will reach from 90 to 46^ 3 1^ 



^ 



chap. 8. Spherical Trigonometry. i o i 

By the Sliding Rule. 

Set 40'' on SS, to if 48^ on S j then againft po oa 
SS, is 46^ 31' on S. 

The Hypotbcnale foand, will be lefs than a Qaa<- 
draDt, if both the obliqae Angles be acnte or obtafcy 
or if both the Sides be greater or lefs than Quadrants. 
It will alfo be greater than a Qoadrant^ if one of the 
obiiqne Angles be acnte, and the other obtofe } or if 
one 6f the Sides be lefs^ add the other greater than a 
Qpadrant. 



CASE X. 

The Side JBf Md the Angle Adjacent A given \ to 
fnd the other Side BC^ Extreme ConjunSf. 

As the s. AD : s. AB : : t. 
DG :t.BC iji^c.z.) 

That is. As Rad. : s. AB : : 
t. A : t. EC . 

Bat by the nniverl^l Propo*- 
fition, AB is the middle Part ; 
and the Complement of A, and 
the Side BC, are Extremes 
Gonjanfi : therefore it w^ll be. 

As ct. A : Rad. : : s. AB : t. BC. 

Let the Side AB be 33"" S6\ and the Angle A 40"" 00' 
(as before) Then, 

As Radius lo. 

To s. AB i^" 56' P.798247 

^ is t. A 40"* 00^ 9-923813 

p BC 27** 48' 9.7220tf6 

H3 By 
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Bf Scale dHd Comp^es. 

Extend the CompalTe^ from 90 to 38^ 56' in the 
Sines, that extent will reach from 40"" to 27"" 48' in 
the Tangents. 

By the Slidlng-RuU. 

Set 90 on S$, to %V 56' on S ; then againit 40 on 
TT, is %f 48' on T. 

The Side fpund will be lefs than a Qtiadrant, if the 
given Angle pppolite thereto be acute, bnt greater if 
obtufe. 



CASE XL 

The Side BC^ and the adjacent Angle C given j to 
fnd the other oblijue Angle A^ middle Part. 

As thes.FC:S.HC::s.IP: 

s.HG. (^Ax.\) 
That is, As Rad. : cs. BC : : 

S* L^ t CS« /!• 

But by the univerral Propo- 
lition, A is the middle Part^ 
and the Side BC, and the Com- 
plement of the Angle C, arc 
^ Extremes Disjuna ; and the A- 
D nalogy will be the fame a$ 
above. 

Let the Side BC be 27^ 48, and the Angle C tfo^ 00': 
then. 

As Radins I q. 

Is tq cs. BC 27^ 48^ 9^94^737 

SoissXdo^oo' 9.937530 




Tothecs.A4o*^op' 



9.8842,67 



Chap. 8. Sphertcal Trigonometry. i o } 

• . By ScmU and C^mfojfes. 

Ettend tfie CompaiTes from 90 to tf 2^ 1 1\ that ex- 
tent will reach from 60^ to 50, the Comp. of A. ia the 
Line of Sines. 

By the Sliding Rule: 

Set 90 on SS, to tf i* 1 1' (the Compl. of if 48^) 
on S ) then agaiolt 60 on SS, is 50° 00 S. 

The Angle found will be acute, if the Side given be 
lefs than a Quadrant, obtufe if greater. 




C A S E XII. 

The Side ABj and the ddjuent Angle A gi'ven^ to 
find the Hyfothenufe AC^ Extreme ConjunSt. * 

As the s. HD : s. HG : : t. 
BD:t.CG {Jx.i.) 

That is. As Rad. : cs. A s : ct. 
AB : ct. AC. 

Bat by the nniver&l Propo« j^^ 
lition, the Complement of A is 
the middle Part } and the Side 

AB, and the Complement of 

AC, are Extremes Coojund : therefore It will be. 
As t. AB : Rad. : : cs. A : ct* AC. 

Let AB be 38' S^i and the Angle A 40^ 00' ; then, ' 

Ast.AB38^5«' 9.90733<f 

Xo Radius 10. 

So is cs. A 40*" 00' 9,884254 

Xo ct. AC 46' 3 1 ^ 9.91^9 1 8 

H 4 By 
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By Scale and Comfaffes^ 

Extend the G^mpaflfes from 90^ to 50^ (the CompU 
of A) in the Sines j that extent will reatb from 45 
(in theTangents) to 52^7- : keep that foot of the Gom« 
pafles fixt, and pull the other into 51^ 4^ (tbeCopip^. 
AB) this lalt extent will reach from 45^ to 46^ 3 1^ 

By the SliJwg Rule. 

Set 90"^ on S, to 50'' on SS ; then againft 5 1^ 4^ on T, 
is 43° 29' on TT. 

The Hypothenofe will be lefs than a (^adrant, if 
the given Side be lefs than a Quadrant^ and the Aogle 
given adjacent thereto be acute i as alfo if the given 
Side be greater than a Qaadrant, and the given adja« 
cent Angle obtofe. And the contrary. 



CASE XIII. 

The two Sides AB^ and BC given ; to find either 
ofthi oblique Angles^ as Ay Extreme Cbnjunif. 

As the s. AB: s.AD : : t. 

BC : t. DG. (Ax. 2.) 
That is. As s. AB : Rad« : : 
t. PC : t. A. 

Bnt, by the aniverlll Pro- 
pofition, the Side AB is the 
middle Part, and the Side BC, 
and Completiient of A^ the 
Extremes Conjnnd; ; then it will be. 
As t. BC: s. AB: : Rad. : ct. A. 
Let AB be 38" ^6\ and BC 27^ 4!8f.: then, 
As s. AB 38** $6' 9.798*47 

^ To Radius lo. 

So t, BG.27'' 48' 9.722008 

To t. A 40^ 00' 9*9237^1 
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By Sedt Mud Ctmpdffet. 
Extend the GompaflTes from 38° $6' to 90 in tbe 
Sines ; that extent will reach from 27** 4^' to 4<)" ia 
the Tangents. 

By tb* Sliding Hvlt. 
Set 3,V %6' on S to 90 on SS, then againll zf 4S' 

on T, is 40 on TT. 

The Angle foand will be acute, if the Side oppofite 
to the Angle fooght be lefi than a Qoadrant, bac^ob- 
Cafe, if greater. 






CASE XIV. 

The ttPO Sides JBj and BC ^iven\ tofnd theHy* 
fothenufe ACj the middle Fart. 

As thes.BH : s.CH :: 8.BD : s.CG. (Aj^.i.) 

'rhati^ AsRad. : cs. BC : : 
cs^ AB : cs. AC. 

Bat by the anivcf fal Propo- 
ficion^ the Hypothenofe AC is 
tbe midile Part, and tbe Sides 
AB and BG are Extremes Dif- 
\anGLi therefore the Analogy 
will be the fame as above. B 

Let AB be 38' 56', and BC if 48' 5 then. 

As Radias 10* 

To cs. BC 27" 4S' p.94<f737 

So cs . AB 38° 56' 9.8pop 1 1 

To cs. AC 4<S° 3 1' 9.837548 




« 
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By Scale and Cmnfi^s. 

Extend the Compalles from 90 to tfz^ 12^ (^the 
Compl. of BC) the extent will reach from 51^ 4' (the 
GompL of AB) to ^f 19' the CompLof AC 

By the SUding Rule. 

Set 90 on S$, to 62^ 12' on S ; and againft 51^ 4' 
on SS, is 43* 29' on S. 

The Hypothennfe fonnd will be lers than a Qpa- 
draiit, if both the Sides are lefs or greater ; bot other- 
wire it will be greater, if one be lefs, and the other 
greater. 



CASE XV. 

The two Angles A amd C given ; to find either (f 
the SideSy viz. BCy Extreme Disjuni^. 

As the S.I F : s* GH : : s. CF: 
sCH (^jix.i.) 
That is. As s. C : cs« A : : Rad. : 
cs. BC 
Bot by the noiverfal Propo- 
* fitioQ, the Compl. of the Angle 
A is the middle Part \ and the 
Compl. of the Angle C, and the 
Side BC Extremes Disjand : 
therefore the Analogy will be 
the fame as above. 
Let the Angle A be 40° 00', and C 60"" oo'' ; then, 
Ass-Ctfo"oo' 9.937530 

To cs. A 40° 00^ ^ 9.884Z 54 

So is Radius ' lo. 




To the cs. BC if 48' 



9.94*7^4- 
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By Sesli snd Campaffgi. 

Extend the Compafles from tfo'' to 50^ (the Compl. 
of A) that extent will reach from 90 to 61'' i z\ the 
Gompl. ofBC 

By the Sliding Rule. 

Set 5o^on SS, to 50'' on S i then againft 90 on SS, 
Uei"" 12'onS. 

The Side found will be lefs than a Qoadrant, if the 
given Angle: opposite thereto be acute, but greater if 
obtnfe. 



CASE XVI. 

The two otlique Angles A and C given ; to find the 
Hyfothenufe AC^ the middle Part. 

Asthet.IF: t.GH::s.a: 
S.CG. CAx.2.) 
That is. As t. C : ct. A : : Rad. : 
cs. AC^ 

But by the nniverfal Propo* 
iition, the Complement of the 
Hypotbenufe AG is the middle 
Fart, and the Complements of 
the Angles A and C, are Ex* 
tremes Con)und i therefore it 
will be. 

As Rad. : ct. A : : Ct. C : cs. AC 

I^t A be 40"" and C 60% as before ) then, 
As Radius 10. 

To ct. A 40** 00' 1 0^7^ » 8<S 

So is ct. C (So? 00' 9-7^i 439 




Xo cs. AC 4^ 3 1;' 




loS Spherical Trigonometry^ Fan L 

By Scale Md Comfajfes. 

Extend the CompaflTes from 60 Co 50 in the Tan- 
gents, that extent will reach from 90 to 43^ 29' in 
the Sines. 

Sy the Sliding Rule. 

Set 60 on T to 50 on TT i then againft 90 on SS^ 
b 43^ 29^ on S, the Complement of AC 

The Hypothennfe fonnd will be lefs than a Qaa- 
drant, if both the oblique Angles be acate or obtufe, 
but greater if one of them be acutej and the other 
obtole. 



To vary Proportions. 

Th e Bef Grounds for varying Profortious dre built 

ufon tbefollomng Theorems. 

i.ripHE Radias is 
JL % mean FVo- 
portional between the 
Tangent of an Arch, 
and the Tangent of its 
Complement; that is, 

As the Tangent TS 
to Radius CT, 

So is Radius CF to 
the Co-tangent FN. 

2. The Radius is a mean Proportional between the 
Sine of an Arch, and the Secant of the fame Arch's 
Complement: that is. 

As the Sine OR to Radius OC, fo is Radius CF 
to the Spcaat of the Arch's Complement CN. 

3, Thfe 
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3. TbeRedangies of all Tangents, and their G>m« 
plements^ bein| refpedively equal to the Square of 
Radius, are reciprocally Proportional. That is. 

As the Tangent of an Arch or Ande, is to the 
Tangent of another Arch or Angle ^ 10 is the Tan- 
gent of the Complement of the latter Arch, to the 
Tangent of the Complement of the former. 

And by varying the fecond Term into the place of 
the Third, we may compare the Tangent of one Arch 
to the Co* tangent of another, &c. That is. 

As the Tangent of an Arch or Angle, is to the Co« 
tangent of another Arch j fo is Che Tangent of the 
latter Arch, to the Co-tangent of the former. 

4. The Sines of the Arches, and the Secants of their 
Complements, are reciprocally proportional ^ that is. 

As the Sine of an Arch, to the Sine of another 
Arch i fo is the Co-fecant of the latter Arch, to 
the Co-fecant of the former. 

And by changing the fecond and third Terms, n 
Sine may be compared with a Secant* 

In any Proportion, if the two firft Terms be,^ 

As the Tangent oi an Arch to Radius ; to bring 
the Radius into the firft place, it may be faid. As the 
Radius is to the Go-tan^ent of that Arch, becanfe 
there is the lame Proportion between thefetwo latter 
Terms, as between tne two former. Now in all the 
Theorems, the two latter Terms confift either of the 
Parts, or of the Complements of the Parts of the two 
former : hence it will not be difficult to vary any 
Proportion propounded. 

i« From hence it will follow, that a Proportion 
wholly in Tangents may be changed into their Com* 
plements, without altei ing the order of the Terms ; 
and the Conycrfc. 

If 
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If it were, As Tangent lo* to Tangent to^i 
fo Tangent 52^ to t. 69"" 1 5'. 

It wottld alfo be. As cSo"^ to t. 70^} fo t. 38 
to t. 20^ 45'. 

. That if the two latter Terms of any Proportion 
being Tangents are only changed into their Comple* 
ments, it infers a Tranfportation of the firft Term 
into the fecond Place- 
As in the Example abore, As t.2o'^ to t.io'^; 
fo t- 38'' to Tangent 20*" 45^ 

3. If the two former Terms of a Proportion being 
Tangents, are changed into their G>mplements, it 
like wife infers a change of the third Term into the 
place of the fourth. 

And then if the fourth Term be fought, it will bold : 
As the fecond Term to the firft, fo is the third Term 
(as at firft propounded) to the fourth. 

In the firft Example : As t. 70"" : t. 8o* : : t. 52'' : t. 

4. A Proportion wholly in SeCants, may be changed 
into a Proportion wholly in Sines, without altering 
the order of the Places, only by taking their Comple- 
ments; and theConverfe. 

If it were. As fe. 80^ : fc. 70^: fe. (Jo^ : fe. lo^ 
It would alfo hold in Sines^ As s. i o^ : s. 20"" : : s. 

30^ : s. 8o^ 

5* If the two latter Terms being Secants, fhould be 
changed into Sines, and the Conyerfe, if they wero 
Sines to be turned into Secants, it would be done only 
by taking their Complements ; but then tnuft the fe^ 
cond and firft Terms change Places one with another. 

If 
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If the Proportion wcre^ As s. iz"" : s. 42^ : : fc. jtf® : 
ft. 7$"" 25^ 
It would alfo hold. As s. 42'' : s. ii'^ : : s. $4 : s. 

14' 34'. 

6. That if the twoferfner Terms of a Proportioa 
in SecantSi Ihoald be changed into Sines, and the Coa* 
Terft ; this woold infer a changing of the fourth Term 
of that Proportion into the place of the third : Bqt 
the third Term not being that wl^ich is fought, the 
Rule to do it, would be to imagine the two firft Terms 
to change places, an4^ then to take their G)mple« 
meats* , 

If the Proportion were, As fe- i^ : fe. jf itf^ : :. $; 
I2*:s.42**. 

It would alfo bold^ M > 14** 34^ : S. .54'' : : St Z2* : 

s. 42"". 

7* Two T<tms, whether the former or latter, ia 
any Proportion, being as a Sine to Tangent, may be 
Taried* 

For, as the Tangent of an Arch, to the Sine of 
another Arch ; fo is the Co«fecant of the latter Ard, 
f o the Co-tangent of the fomer. 

And by tranfpofing the order of the Terms, 

As a Sine, to a Tangent ; fo is the Co^-tangent of 
the latter Arch, to the Go-fecant of the former. 

S. Laftly, Obferve that if four Terms or Kombers 
are Proportional, their Order may be fo traafpofed, 
that each of tfaofe Terms may be the laft in Proportion : 
and fo of any four Proportional Terms, if three be 
given, the other that is wanting may be foand. 
Thus, 

As Firft to Second, fo Third to Fourth. 

As Second to Firft, fo Fourth to Third, 

As Third to Fourth^ fo is Firft to Second. 

As Fourth to Tbirdi fo is Second to Firft« 

The 
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Tbe Rules being well anderftood^ it will be eafy 
to vary each of tbe fixteen Cafes of right angled fpbe- 
rical Triangles fix feTetal ways^ as I (ball plainly 
Ibew, in tbe Pages next following. 

We win begin with tbe Firft Cafe, and Ihew all its 
Variations. 
The Proportion yon will find to be (as in Cafe !• 

Page 90. ) 
x« As Radios : s. AC : : s. A : s. BC. 

Bat we may fay, 

2. As le. c AC : Rad. : : s. A : s.BC* 

Becanfe (by tbe 2d Theorem, Paj^. 108.) As Radios 
to s. AC, fi) is ft. c. AC to Radius* 

Again we may fay, 

3. As fe. c A : Rad. : : s. AC : s. BC 

Becanfe, As Radios to s. A 9 fo is fe. c A to Radios. 

Again, 
4* It may be. As s. A: fe.c. AC : : Rad. : fe. c. BC 

Becanfe, As Rad. : s. BC : : fe. c. of BC : Radios; 

Then by inverting tbe Proportion in the fecond, 

and two laft Terms of this. 

Again it may be faid, 
5« As Radios : le. c. A : : fe. c. AC : fe* c. BC 

By changing the Sines in the two lalt Terms ia 

the third Proportion into Secant Complements, 

and tranfpofing the two firft Terms i 

Again we may fay, 
tf . As s. AC : Rad. : : fe. c A : fe. c. BC 

By changing the Sines in the two laft Terms of 

tbe firft Proportion into Secant Complements, and 

tranfpofing the two firft Terms. 

Thus have yon the Proportions varied fix ways^ 
which are all the ways it can be varied* 

We will next fiiew how to vary tbe Proportions in \ 
the Second Cafe, which is in 3iaes and Tangents. ' 

Tbe 
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ir he firft Proportion by the univerfal Propofition 
is, As ct. AC : Rad. : : cs. C : t. BC. 

Bat we may fay^ 
V As Rad. : cs. C : : t. AC : t. BC 
Becaafe^ as the ct. CA : Rad. : : Rad. i t. AC. 

Again it may be, 

3. As cs. C r ct. AC : : Rad. : ct. BC. 

Becaofe as Rad. : t.BC : : ct. BC : Radiol. But 
becaule BC is required, therefore the Cb-tangent 
of AC and the Co- fine of C in the firft Propor- 
tion, mnft change places, and alfo the Co^tangent 
of BC and Radius in this. 

Again we may fayy 

4. As fe. C : Rad. : t t. AC i t. BC 

Becaafe, from the fecond Proportion, as Radids 

to the Confine of C, fo is the Secant of C to 

Radias. 

Again it may be faid, 
5^. As t. AC : fe. C : : Rad. : ct. BC. .F6f^ 

From the two firft Terms in the third Proper-] 

tion, as the cs. C : ct. AC : ; t. AC : fe. C 
Again it may be faid, 
<y. As Rad. ! ct. AC : : ie. C : ct. BC 

Becaofe, as t AC : Rad. : : Rad. i ct, AC in thq 

fifth Proportion^ 

From what has been faid irt thefe two Examples,^ 
the Roles for varying Proportions being well ondei"- 
floods it will dot be difficult to vary any Proporticm 
Whicb can offer it fclf Therefore I fhall fay no more 
aboat iti only fet down all the Variations of the othei( 
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I 

2 

3 
4 
5 

6 



As ct. A : cs. AC : : Rad. 
As R. : t. A : : CS. AC 
^ As fe. AC : R. : : t.A 
As t. A : ie. AC : : R. 



As R. : ct. A 
As CS. AC : R, 



I 

2 

i 

4 

5 

6 



I 

2 

3 

4 
5 

5 



3 
{4 

5 



1 

2 

3 

4 

5 



• • 



• • 



fe. AC 
cc. A 




GaTej? 



As S. A C : R : 
As R. : fee. AC 



S.BC : 
: S.BC 



s. A 

: S.A 



As fee. BC : R. : : fee. AC : S. A \cafe i 

As fe.c. AC : fe. c. BC : : R. : fee, A^ \^,^ 
As s. BC : S. AC : : R. : fe.c. A 
As R. : fe.c. BC : : s. AC : ie.c. A 



As t. AC : R : : t. BC : CS. C 
As R. : ct. AC : : t. BC : cs. C 
Asct.BC : R. :: Ct.AC : cs. C 
As ct.AC : ct.BC:: R : fe-C 
AsR. : t. AC :: Ct. BC : fe.C 
Ast.BC: R. :: t.AC: fe.C 



Cafe 4({ 



kiMkW 



As CS. AB : cs. AC : : R : CS. BC *) 
As R. : fe. AB : : cs. AC : cs.BC / 
As fe. AC : R. : : fe. AB : cs. BC V^cale <f 
Ascs. AC : R. : : cs. AB : fe. BC f ^' •* 
AsR. : fe.AC :: cs.AB : fe.BC V 
Asfe.AB : R. :: fe.AG : fe.fiC J 



As R. : ct. A 
As t. A : R. 
As ct. BC : R. 
As t. BC : t. A 
As R. : ct. BC 
As ct. A : R. 






• • 



• « 



t. BC : s. AB 
t.BC : S.AB 
; ct. A : s. AB \.r«& 0* ^ 

:R. :fe.C.ABr^*^* 
t. A : fe cAB \ 
ct. BC : fe.c. AB J 



mm 
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I I (Ascf.BC : R 

I 2 j As R. t s. BG : : cs. A : s. C 

3 f Asfe. A : R. : : fe. BC : s.C 

4 j As fc. BC : fe. A : : R. cfe. C 

5 I As R. : es. BC : ; fe. A : fe.cG 

6 1 As cs. A : R. : : cs. BC : fe.c. C 



Cafe 8. 



? 



1 I As f. A : s. BC :: R. : s. AC 

2 I As R. : fee. A : : s. BC : s. AC 
3.' As fe.c. BC : R. : : fee. A : s. ACV,^ ^ 
4' As S..BC : S.A :: R. : fe.c. AC r^^^^- 

5 As R. : fee. BC : : s. A : fe.c. AC \ 

6 , As fc. c. A : R. : : fe.c KC : fe.c, AC J 



1 } As Ct. A : R. : : s. AB : t. BC 

2 As R. : t. A : : s. AB : t BC 
.5 I As fe. c. AB : R. : : t. A : t. BC 

4 I As s. AB : ct. A : : R. : ct. BC 

5 I As t. A : fe.c. AB : : R. : ct. BG 

6 1 AsR. : ct. A : : fe.c. AB : ct* BC 



Cafe I OS 



I f AsR. ; S.C :: cs. BC : cs.A 
I As ft.c. C : R. 



1: 



s 

6 



As fe. Be : R. 
As cs. BC : R. 
As R. : fe. RC 
As s. C : R. 



• . 






• . 






CS. BG : cs. A 
s. C : cs. A 
ffic. C : fe. A 
fe.c. C : fe. A 
fe; BC : fe.A 



Cafe 11^ 



I 



X 

3 

4 

5 
6 



As t. AB : R. 
As R. : ct* AB 

As fe. A : R. 
As cs*A : R. ; 
As ct. AB : R. 
AsR. : t.AB : 



• • 



• « 



• * 



cs. A 
cs. A 
ct. AB 
t. AB : 
: fe.A 



ct.AC '1 

ct. AG / 

; ct. ACv^ 

t. AC 

t. AG 



Cafe I2J 



fe. A : t. AC 



J 2. 



jr As 



1 6 Sj^herkal Trigonwutry, 



PartL 



I 

2 

3 
4 
5 

6 



As S.AB : R. :: t. BC : tA 

As t. BC : S. AB : : R. : Ct^ A 

As R. : Ct. BC : : S. AB : Ct. A , ^ 

As R. : fee. AB : : t. BC : t. A f Cafe i^ 

As ct. BC : R. : : fe.c. AB : t. A \ 

As fe. c. AB : ct. BC : : R. : ct. A J 



I 

2 

3 

4 

5 

6 



) 



As R. : CS. BC : : CS. AB : CS. AC 

As fe. BC : Ki :: c$. AB : CS. AC 

As ft. AB : R. : : CS. BC : CS. AC V,^ ft. . 

Ascs. AB : fcBC : : R. : ft. AC '•^** ^^ 

As R. : ft. AB : : ft. BC : ft. AC 

As CS. BC : R. : : ft. AB : ft. AG 



2 

I' 

1^ 



Ass. C : CS. A 

As R. : fee. C : 
As fe. A : R. : : 
As CS. A : s» C : 
As R. : fe. A : : 
As fe.c. C : R. : 



■ ■ 



R. : CS. BC 
CS. A : CS. BC 
ftx. C : CS. BC 

R. : ft. BC 
s. C : ft. BC 

ft. A : ft. BC 



Cafe If. 



I 

2 



4 

1^ 



AsR. :Ct.C: 

As t. C : R* : 

As t. A : R* : 

As ct. A : R. 

As R. : t. A 

As ct. C : R. : : t. A : fe. AC 



ct. A : CS. AG 
ct. A : cs.AG 
ct. C : CS. AG 
: t.C : fc.AC 
t.C : fe. AC 



Cafe 1 6. 



Thas have I gone thro all the Variations of the 
fixteen Cafes of right angled fpherical Triangles : I 
flwiU proceed to the Refolution of obliqaj angled fphe- 
rical Triangles^ in the next Chapter, with the Varia- 
tions of their Proportions. 



CHAP. 
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CHAP. IX. 

The Solution of oblique angled Spherical Triangles. 

IN obliqae angled fpherical Triangles-, if the 
things given and required be oppofite, they are 
ved by tne third Axiom, as in the two following 
Cafes, 

CASE I. 

Tt^o SideSy and an Angle ofpofte to one of them^ 
being giveny to find the Angle offofite to the 
Other, 

Let the Sides BD 1 8° 47' ,and 
BC 41'' 51', and the Angle C 
23° io\ be given \ to find the 
Angle D, oppofite to BC 
As s. BD 18^ 47' A.C. 0.492 1 572 
To s. C li"" id 9.<5oo<J997 

So is 8.CB42'' 51^ 9.8325609 

fc ■ ■ ■■ ■»■■■■ 

To s. D 57* 22' 9.9254178 

Here it may be doubtful whether this Angle D be 
obtofeor acote, that is, whether it be 57^ 22^, or its 
Coniplement to 180% that is 122^ 38^ which in this 
Bxarople it is foppofed to be. 

Ja fbme Cafes the Affedion of the Angle fought 
cannot be determined from what is given. 

Socb Cafes are, when the given Angle is ai:ote, and 
the pppofite Side iefs than a Quadrant, and the adja* 
cent or other Side greater than the oppoKte Side, and 
its Complement CO a Semicircle alfo greater tha^ the 

^- \% Alfq 
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Alfo when the given Angle is obtafe, w^ thcoppo- 
fitc Side greater than a C^adrant, and alfo greater 
than the other Side,iand greater tbao the Complemeat 
of the faid other fide to a SeqiiclYcle. 




CASE II. 

« ■ 

Two Jftgles ditd 4 SitU ofpoftte to oue rftbem heing 
given, to fati the Side off ope to the other. 

Let tb« two Angles C 23* 
c 30', and D 122° 38, and the 
Side 3D 1 8° 4f b* gmn j Up 
find the Side C& 

As s. C 23° sc/ A.C 0.3993003 
To s. BD 1 8" 47' 9« 5078428 

To s. CB 41*" S^' 9.83244*8 

In Tome Cares the Affedion of the Side fought cahoot 
be dctcrmin'd from wihat is given. 

Such Cafes are, when the given Angle is acnte, an4 
the oppofite Side lefs than a Qjiadrant, and the other 
Angle greater than the formenAngle, and itsComphf- 
ment to a Semicircle alfo greater than the fiid Angle : 

Alfo when the given' Angle is obtnfe, and the oppo- 
iite Side greater than a Qiadrant, the other Angle 
being lefs than tHis Angle, and it$ Complement to a 
-Semicircle alfo kfs thaq this Angle. )n all other Cafei 
^ he determination is certain. 

There be teQ other Cafes in obltqoe angled fpberical 
TriaQgles^ which may be re(bltred by the Catbolk^ 
^ropofition (by two Operations at the leaftjfand that 
aioft fitly, by reducing the obliaue Triangle into.twa 
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right aagled Triaagles, by letting fall a Ferpeodi- 
cular. 

The Perpendicular moft be let fall in foch manner 
as that the redan^led Triangle may be refolved from 
the three things given in the oblique angled Triangle^ 
and that by two Operations only, as this Rule 
teachetfa« 

General (I(ulles for leting fall the Perpendicular. 

I. TT ET the Perpendicular fall from the extremity 

1^ of a given Side i and let it fubtend an adjacent 
Angle given. And befides, 

2. If the thfce things given be conterminal, let it 
al(b fall from the e^ctremity of the Side fought^ and 
let it fubtend the Angle fought. 

In the Triangle BCD, let the 
Angles C and B, and the Side CB 
be given, and the Side CD re^ 
quired. 

The Perpendicular C A is let fall 
fJrom the extremity of the given 
Side BCj and fubtendeth the adja- 
cent Angle B ; and the three Terms 
given being conterminal (in this 
Example; it alfo fallcth from the extremity of the rc- 
qaired Side CDj and fubtendeth the Angle fought 

But if the Perpendicular BE be conftituted accord- 
ing to the firft part of the Rule, then the Triangle 
may be refolved, but not at two Operations, for 
which one thing^s fa^ the fecond part of the Rule 
comes to be obfervcd, and that in thofe two Cafes 
only J for ia thp other the ^xSt p^rt of the Role 
faifHcetH. ^ 

The Perpcndicul&r falls within the Triangle^ when 
the. Angles at the Bafe (or Side opoji which the Per« 
- I i^ Pf ndicul^v^ 
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pcadicular falls) are both of oneSpecieS) viz.. cither 
both obtufe, or both acute \ but without the Triangle, 
if one be obtufe aad the other ficate ) as in theft 
Examples. 






* The Perpendicular being rightly let fall^ tbe firft 
Operatioi) will be in the flrft Trian&le, viz^. in that 
wherein three things are given : and that will be either 
for finding of the vertical Angle or ^b^ Bafe, and tba^ 
by the univerfal Proppfifion. 
Firlt> |f an Angle be fought, then firft let the ver* 
tical Angle be found, unlefs the Perpendicular fall 
upon a known Side. 
Secondly^ If a 3ide be fought, let firft tbeBafe be 
found, unlefs the Perpendicular fall from a knowft 
Angle (for thea the contrary muft be obferved 
every way,) 
The fecood Qperatioh condfts in coipparjng the 
^wo Homogenial Terms of both Triangles between 
themfelves^ viz,, of the Hypothenufes with the ver- 
|ica| Angles^ or ^ith the Bafes : and alfo of the 
'Angles at the' Bafe with the fame.' * ' 

^ Foe 
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For the Homogeoial Terms of each Triangle^ are 
proportional, and Homogenial in the Sines and Taar 
gents of the circular Parts. 

As in the obliqae angled fpherical Triangle BCD, 
reduced into the two right angled fpherical Triangles, 
ABC, and ACD, by the Perpendicular CA: I fay, 
that in the Sines and Tangents of the circular Parts, 
it will be. 

As the Sii}e of the 
fiafe AB, 

To the Co-tangent of 
the Angle at the Bafe B ^ ^ 

S9 is the Sine of the ' 
Baft AD, 

To the Co- tangent of 
the Angle at the Bafe^ D» 

For the Perpendicular AC being aflumed, the Bafe 
AB in the firft Triangle ABC, will be the middle 
Part i then the Complement of the Angle at B, and 
tbp Perpendicular AC, are the Extremes Conjund: : 
Therefore by the univerfal Propofition, 

As the Tangent of AC is to Radius, 

So is the Sine of AB, to the Co-tangent of B. 

In like manner in the fecond Trianele ADC *, the 
Bafe AD will be the middle Part^ and the Comple* 
snent of the Angle at D, and the Perpendicular AC, 
are the fixtreipes Conjund : wherefore. 

As the Tangent of AC, is to Radius ; 

bo is the Sine of AD, to the Co-tangent of D. 

Wherefore (by the 1 1 Pn s ^'^- -^»<^0 ^^ will be. 

As the Sine of AB, to the Co*tangent of B ^ 
So is the 3ine of AD, to the Co^tangent of D. 

And there is the like reafon of demonftrating in 
the other Parts; lor the Perpendicular (hall be always 
^ne (and the fame) of the Extremes in both Triangles^ 

Where^ 



Ill spherical Trtgpnwnetry. Part I. 

Wherefore, to determine a Proportion of twx) Ho- 
mogenial Terms of both Trianries^betwixt tbemfel7es, 
we mafl: imagine the Perpenalcolar to be compared 
both with the Tetm gi^en, and the Term fbiigbt m.the 
fecondTriangle^that itmay beanderftood whicbof thoft 
nay be made the middle Part^ and which is the one 
Extreme, and of what kind it is ^ whereupon Sines 
or Tangents may be fitted to them, according to the 
Univerfal Propolition, to which do anfwer in aU 
things the Homogenial Parts of the firft Triangle: 
then the Perpendicular being rejeded, together with 
the Radius, we compare the middle Part, and one of 
the Extremes in the firft Triangle, with the middle 
Part, and one of the Extremes of the fecond, as is 
done before, and as will be manifeft in the eight fol- 
lowing Cafes. 

Having thus laid the Foundation, I Ihall next pro- 
ceed to iblve thoft Eight Cafes, both by letting hM 
a Perpendicular, and al(b without a Perpendicular, 
by help of the two following Axioms, invented and 
demonftrated by Mr. Oughtrtd^ in his Trigone? 
metry. 

AXIOM L 

' As the Sine of half the Sum of two Sides^ 
To the Sine<of half their Difference } 
So is the Co-tangent of half the contained Angle^ 
To the Tangent of half the Difference of the othci? 

Angles. 

' Again : 

As the Co*(ine of half the Smi of the Sides^ 
To. the Co-fine of half their Difference; 
So is the Co-tangent of half the contained Angle,' 
To the Tangent of half the Sum of the other 4nglcai^ 

AXI014 
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AXIOM IL 

As the Sine of half the Sam of two Anglci, 
To tb«6ine of half their Difierence ; 
So is> the Tangent of half the ioterj^ceot Side^ 
To the Tangent of half the Difierence of the other 
5idcs. 

Again : 
As theCO'fine of half the Sum of the Angles, 
TatbeCo-Sne (^ half their Difiereooe.; 
So is tba Tan^nis of half the interjacent Side, 
To the Tangent of half the Sum of the other Sidei 



-I-* 



CASE 

IVd Sides BCj sni BD^ dnd tht camuhid Angle 
Bf being given^ tcfiifd either of the other Angles. 

Let Ae Side BCbeso*' 
oo\ tbQ Side BO ^x"" 09', 
and the Angle B3<$^oS'} 
and the Angle D be re- 
qai«ed. 

The Perpendicular CA 
beiag let fall by the 
iecond Rule, Pase iiy^' 
then ia the Triangle ABC) there is given the 
fiypothemife BC, and the Angle B^ to find the Seg- 
ment of the Bafe BA, the firft Operation; wherein 
the Complement of B is the. middle Part> and the 
Orarplement of BC, smd the Segment BA, Extremes 
Conjand j and the firft Operation will be the Taoie as 
ioCale z. Chap. 9. • 

■" '*"'" ' At 
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As the ct BC 30* 00' 10.23855 

To Radios 10. 

So is cs. B 36^ 08' 9.90722 



To t. B A 25° 00' 9.66S6S 

Sabtrad BA 25° from BD 42° op', there remains 
17° 09' AD. 

e 

Kext we imifl: compare the Angle B, the Segment 
BA, aDdihe PerpeDdicuIar AC ; ia which we (hall find 
BA the middle Part, and the Complement of Bi and 
the Perpendicular,Extremes Conjund : and fo likewife 
in the Triangle ACD, the Segment AD is the middle 
Part, and the Complement D, ^ncl AC, Extremes Con^ 
jund ', therefore it will be, 

AsSineABij Ar.Com. 0.374052 

«'To the Tangent Compl.of B 36^ c8' lo.t 36^1$ 

So Sine AD 1 7° 09' 9.^^9636 

To the Tangent Compl.of D 46° 1 8' p.^Soaoj 

To find the Angle BCD. 
The Perpendicular DE in the former Figare beine 
let fall, fay 6 6 

' As ct. BC 42° 09' 10.043277 

To Radius jp. 

So c». of B 35' 08' 9.907222 

Tot. BE3<F*J0'. - ' 9.»<S3945 

./^Jl?" f^ '°' r«ibtraa BC 3o» 00', apd there remaias 

Cfi (vie. 

Then in the Triangle BDE, compare the Angle B, 
the Bafe BE) and the Perpendicular DE, and you will 
find BE tbe nttddle part, and the Complement of B, 

9a4 
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and the Perpendicnlar DE, Extreaxes Coojaod ; and ia 
the Trbnglc CDE, it will be CE the middle Part : 
ttierefore the fecond Operation will be. 

Ass. BE 36^10' ArXom. 0.229048 

To ct. B 36° 08' io.ii66is 

Sos.CE 6*10' 9 03 1089 

To t. DCE 7<S°oo' 9-39<S75» 

The Complement of 76° to 1 80" is 1 04** 00', the An- 
gle BCD< 

To find the Angles by Axiom i. Pd^e 122. 
As s. of half the Sum of the Sides BC and ? ^' , __,. 

BD36»04'4 5 °**^°°^' 

To s. of half their Difference 6° 04' t 9024608 

So ct. of half the Angle B » 8° 04' 1 0.486 507 

Jo t. of half the Difference of the other? . - -^, „<j 



Angles 28° 5 1 



iW« 



As cs. of half the Sam of the Sides 36^? 0.002455 

Toes, of half their Difference 6" 04' i . " 9P97S55 
So ct. of half the Angle B i8"* 04' 1 0.486507 

To the t. of half the Sum of the other? .o^^g^.rf 

Angles 75" 09' ^ '^ ^ 

Add and Sabtr. 28 5 1 



-BCD 104 00 theSam< 
The Angle 



BDC 46 18 the Difference. 



CASE 
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CASE IV. 

The two Angles B and Cj dnd the Side included 
between them^ BCy being given j to fnd the Side 
CD. 

Let the Aogk DGB be 3^ 
oS\ the Angle CBD 104% and 
tbe Side CB iocloded so^'oo^ 

Havioe let fall tbe Perpeo- 

dicalar from tbe extremity 

of the known Side BQ fub- 

tending the adjacent known 

Angle CBA, and tbe Angles 

being of difierent kinds, tbe 

. Perpendicular faHs without tbe 

Triangle ; then in tbe Triangle ABC is given tbe Side 

-BC 30** 00', and the Angle CB A 7^ 00' (the Com* 

plement of 104''; to find tbe Angle BCA, wbicbis 

ttonc by Cafe 3. Chap. 8. thus : 

Asct.of B7<S''oo' 9.39^77 

To Radios 10. 

So cs. of BC ^30** 00' 9.93753 

To ct. of BC A 1 6* 04^ I o. 54076 

Then if tbe Side BC, tbe vertical Angle ACB, and 
tbe Perpendicular AG be compared, we ihatt find the 
Complement of tbe vertical Angle ACB, tbe middle 
Part) and the Complement of tbe Side BC, and tbe 
Perpendicular AC, Extrenaes Conjund *, and jn tbe 
Triangle ADC, tbe Complement of the vertical 
Angle ACD is the middle Part, and the Complement 
of DC, and the Perpendicular AC, Extremes Con« 
jund. Wherefore the Operation of the Homogenial 
Parts in both Triangles, will be thus : 

Af 
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As cs. of ACB 1 6^ 04^ .0.017304 

To ct. of BC .^o"* 00^ 10238560 

So is cs. of ACD 52* 1 1' 9-787394 

.To ct* of DC 4a* 09' 10.043258 

Again, let the Angles B and C, and the inter jaceot 
SkieBC, be gt?enr(as before) and kc tiie Side BD be 
•toqured. 

Having let fall the Ferpendicnlar BA, by the le- 
cond Part-of the Rdle,'PMe up. fiiB:neit find the 
'jFcrtical AegleCBA, hy<Gaie the 3d. Chap. 8. thos : 




!Asct;C 9^ 08' io.ri66ii 

To Radios 10. 

Sofis cs. BC 30^ 00' 9.937S3< 

To ct. GBA ff 42' 9.800916 

Sobtrad: 57^42' from 104^ 00^, and there remains 
tbe vertical Angle ABD 46^ 18'. Then if the Side 
fiCt Ae vertical Angle CBA, and the Perpendicalar 
AB be compared i we fiiall find the Corop« of the 
vertical Angle CBA the middte Part, and BC and 
AB Eztremef Coojond ; and the other vertical Angle 
ABD is the middle Part in tbe fecond Triangle, and 
it will be the Co-fines of the vertical Angles, aod Co- 
tangents of the Extremes BC, and BD : and the Pro- 
parcion of the Homogenial Terms infill be. 

As 



1 18 Spherical Trigmometty. Part I. 

As cs. CBA 57* 41' . Ar.Com. o.2i^li7» 

To ct. BC 30° 00' 10.138550. 

So is cs. ABD 4^' iV 9.839404 

To ct BD 24** 04' 10.350135 

Bj having the Angles B and C, and interjacent Side 
EC, (as before) given ; to find the other Sides^ witfa^ 
ont a Perpendicolar, by jixiam 2, Page 123. 

As the s. of half theSom of the Angles^ ^ ^^^^ 

BandC70%>Vs''*''^^^^ 
To the s. of half their Difference 3 3"" 56^ 9.746S 1 1 

So is t.of half the included Side BC i $"" 00' 9.428052 

To the t of half the Difierence of then ^ ^ 

other Sides 9' o2'i*^"'^i^5 
Again, ■ 

As cs. of half the Sum of the Angles 1^ ^x^^-.^ 

BandG70«Vj''-*^^^^^ 

. To cs. of half their Difference ss"" 56' 9. 74*8 1 1 

So is t. of half the included Side 15^00^ 9'42So52 

To t. of half the Sam of the other ? ^Q,^^r^ 

Sides 33^ 07' S ^-^ ^^^^ 
Add and fabtrad 9 ol 

The Sam 42 09 the Side Ca>^ 

The Diff 24 05 tfae Side BD.' 

Here the half Difference added to the half Sbiti; 
gWes the greater Side ; and the half Difierence being 
(obtraded from the half Sam,- the remaiflder is |hf 
leflcr Side fought. 

CASft 
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CASE V. 

Tm SJtlef, BC M9d CD, ftid iht ji«ff B^fpjite 
toOM of them, beii^ g*ve»f to fini the eomfre» 
btitded J/igU C. 

« 

Let the Side BCbe jo'^oo^ and CD 24^ 04% and 
tljcAAgJcBs^oS'. 

The Pjcrpendicolar let 
fan from the extremity 
of the given Side BQ 
liibtseads (be ^iven Jungle 
B. and falls within the 
Triangle, becanfe the An- 
^es at the Bafe are both 
teste. 

Tn the Triangle ABC we \rrt ^en (beiid« ^be 
rigHt Angle) the Side BC and A.Qgle B } to find the 
Yertical An^e ACB : which may i^ done hj C/^ft L 
Chiif*%. thus. 

As ct. B 3tf'o8' ioAi66\^ 

To Jladins lo. 

5o is .c$, BC 30?* 00' 9.5^37530 




^mm,¥ 



To ct. BCA 57** 42' 9.8001915 

Hating thus found the Angle BCA la tbe£rft Tri-j 
angle, we muft next confider the homogeoial T^rms iti 
lx>tli Triangles i which wiD be (heSide BC and the 
AngleBCAin the firft, and Che Side CD *and Angle 
A<M in the fecond Triangle. Kow the Side BC^ the 
Angle BCA, and the Perpendicular CA in the firit, 
beioe compared, we (hall find the Coiip.of BCA the 
isidole Part, and the Comp. of BC iiud CA Bxtremes 
Cofljaad : and likcwife jo the fecond Triangle the 

K Cooip. 
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Comp. of ACD will be the middle, and the Comp. of 
CD and AC Extremes : therefore it win be, 

Asct. BC30* oo' Ar.Com. 9.^61 ^^9 

To cs. BCA s?"" 42' 9*727827 

So is ct. CD 24'' 04' 10,350058 

To cs. ACD 46^ 1 8' 9-839324 

If this Angle ACD 4^ 1 8^ be added to the former 
Angle BCA $7'' 42^, the Sum is 104'' 00^, the whole 
Angle BCD reqaired. 

Snppofe the Sides BD 42'' 09^, and CD 24^ 04^, 
and the Angle B 36^ 08' were given } to find the com- 
prehended Angle D* 

P ^ The Perpendicular AD 

^»N^, ^ ^ ^^^ being let fall from the 

W / extremity of the given 

\ Y y Side CD, fubtends the gi- 

\ X^x^ ^^° -^°6'« B, but falls 

\----^C without the Triangki be- 

caufe the Angles at the 

Baf;, B and C, are of difierent Species. 
In the Triangle ABD we have given the Side BD^ 

and the Angle B, to find the vertical Angle BD£; 

thus. 

As ct. B i^ c8' \oM^6\ 5 

To Radius lo. 

So is cs. BO 42^ 09^ 9.870047 

Toct.BDA 61^34' 9.733432 

Having found the Angle BDA, we muft next find 
the Angle CD A } wherefore we mufl: compare CD, the 
Angle CDA, and the Perpendicular DA \ and we 
Ihall $nd theComj). of CDA the middle Part : and ia 

the 
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the Triangle ABD, the Comp. of the Aogle BDA, is 
the middle Part % and the Sides DB aad CD are the 
bomogenial Extremes Conjuod : wherefore it will be^ 

As tti BD 42'' 09' 9.95tf723f 

To cs. BDA tf I* 34' 9-tf7773» 

9o is ct. CD 24^ 04^ 1 o. 3 5005 8 

To cs. CD A 1 5* 1 3' p.9845 1 2 

JfjihisAngkCpAi5*' 13' be fubtradcd from the 
whole Angle BDA 61'' J4', there will remain 46° 21'' 
fbr the Aogle BDC required. 

Again, we willfuppoie the Sides BD42^09^ and 
CD 24^ 04"", and the obtafe Angle at C 104^ oo^j given ; 
to find the compfehfended Angle D; 

The Petpendicotar DA 
beiAg let fad from the ex- ii^^ ^ 

tremity of the given Side ^'"*-**.*^«— —^-^ 
DC^ fnbtends the given \ ^^ y^ 

An^e ACD, (the Corop. \ x^^t^/^ 
of BCD.) Firft, find* the V.— .--^ 

verticle Angle ADC, thus* ^ 

As ct. ACD ^e oc/ (the domp. of 2 ^ ^ .^ 
BCD 104^ S 9-395771 

To Radius 10. 

Sd is cs« DC 24^ 04^ 9.95050^ 

■' ■ iff ,ii 

To the ct. ADC 1 5'' i6f »o.5tf373+ 

Then, 

As ct. DC 24^ <34' ^.^49H^ 

To cs. ADC if 16' 9.984397 

So is ct. BD 42*" o^f 10.043277 

To csi ADB tf i** 34' 9.677515 

% i From 
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From ADB tf i" 34' fabtrad ADC 1 5* i6\ aod then 
remains ^ 18', the Angle BDG required. 

HaTiog the Sides BD 42** o^ and DC 14" P4', and 
the Angle C 104° 00', given, to find the cotttaiiKd 
Angle D, witboot the help of a Perpendicalar. 

^ the firft Cafe of this Chapter, find theAogkB, 
tbas. 

As s. Side BD 41^ 09' Ar. Com. o.i 73 229 

To s. of the oppolite Angle BCDi04''> p.gO^gQ 

So IS s. Side DC 24^ 04^ 9.61 044$ 

To s. of the oppofite Angle B 36^ oV 9-770579 

Tbns have we two Angles and their oppofite Sides, 
to find the other Angle ^ by the InYerfe of either of 
the Proportions in the firft Axiom, page 122. the for- 
met will be^ 

As s. of half the diiSerence of the Sides? ^ q^^^»» 
9»o2't S ^•*^3tf79 

To t. of half the difierence of the> ^q^««^^ 
Angles 33^ 5<^' ^ P.»i78^7 



So 8. of half the Sum of the Sides 33*? ^ „,^^„^ 
o6't S S^-737370 

Toct of half the Angle recjuired 23^? i^.3fSf^6 

So if 23^ 09^ be doubled, it makes 46^ i8\ the Angle 
D, the iame as before. 

If the Sum of the given Sides be more than a Semi- 
circle, in that Cafe refolve the oppofite Triangle. 



CASE 
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CASE VI. 

Tm Sides BC dnd CDj snd the Angle Bj offofje 
to one ofthewybeinggiveny to find the third Side 
BD. 

Let the Side BC be 30^ 00', CD 24"" 04^, and the 
Angle B s^"" 08'. 

The Perpendicolar AC 
being let faD, the given 
Triangle is thereby reda- 
ced into two redangled 
Triangles^ABCand ADC ; 
in the firil: is given (befides 
the rtgbt Angle) the Side 

BC and Angle B ^ to find the Segment of the Bafe, 
BA (by Csfe z. aap. 8 J thus. 

As ct. BC 30** 00' I o. 23855 1 

To Radios i c 

So is cs. B 36** 08' 9.907222 




To t. B A 2 s** 00' 9.66966 1 

Then if BA, BC, and the Perpendicnlar AC in the 
firft Triangle, be compared, we (hall find the Comp. 
of BC the middle Part, and AB and AC Extremes 
Disjona i and fo likewife will the CompU of CD be 
the middle Part in the fecond Triangle : therefore it 
win be. 

As cs. BC 30^ 00' At. Com. 0.0624^9 

To cs. B A 2 5^* 00' 9,957 27(5 

So iscs, CD 24*^ 04' 9.9^0505 

To cs. AD 1 7* 09' 9.9802 50 

K 3 Add _ 
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Add AB »5°oo' to' AD 1 7° op', the Sam is 42* opV 
the whole Side BD reqaire^. 

But fuppofe the Sides BC and BD, and the Angle 
P, giyea •, to ^ad CD. 

B Let BC be 30" 00', BD 
42° 09', andC 104*. 
/ The Petpendicular BA 
/ being let' fall, ia theTri- 
/ angle ABC we have given 
/ the Side BC, and Angle 
A BOA (being the Compi. 
of BpD) to find ^hp Bafe AC i thbs. 

As ct. BC 30* 00' 10.133561 

To Radios »®- _ ^ 

So is cs. ACB 7<S' o«' S>-3«3<J7J 

Tot. AC 7" 57' 9.H5"4 

Then in^he Triangle ABC, it BC, AC, an4 the 
FerpendicuUr ABi, be compared, we ftall find the 
ebmpl. pf BC the middle Part, and ABand AG Ex- 
tremes Disjonft i and in the Triangle ABD, the Compl. 
of BD will be the middle, aod AB and AD Extremes ; 
therefore it will be. 

As C5. BC 30' 00' Ar. Com. o.o<?245p 

To c«. AC 7° 57' ' j>9958o<S 

$0 is cs. BD 4'2' 09' 9.870947 

Toes. AD 31' 01' 9-9*^321 

Then if AC 7«» 57' be fubtraaed from AD 32" 01', 
there will remain CD 240 04', ' • ' "^ 

Having the Sides BC and BD, an4 the Angle 
C (as before) given, to find the oftcr Side' CD, 
without letting fall a Perpendicular. P^^« 
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Firft, wc moft find tbe Aogie D oppofite to the 
other gWea Side BC, by Cdfe 1 . of this Chapter ; 
thas. 

As 8. BD 420 09' Ar. Com. o.i 73229 

To s. BCD 104'' (or 76* its Comp.) 9.986904 

So s. BC 300 00' 9J69i9'^o 

Tos.D46*i8' 9.859103 

Tbea by the Inverfe of either of the Proportions 
ill the fecond Axiom, fiad tbe Side CD, thos. 

As tbe s. of half tbe Difl^enceof the? ^ ,,^ « 
Angles a8« 51' 50.315483 

To the 8. of half their Sam 75° op' 9*985247 

So is t. of half the Difference of the> 
Sides 6<»04't I 9.01705$ 

Tothet.of half tbe Side reqaired 1207 ^ 00 
02' S P-3*878$ 

Then if 12" 02' be donbled, it makes 24O04'', the 
Side CD reqaired. 



CASE VII. 

Two JfMles B 4nd D, Md the Side BC offojite to 
one oftbemf being piven ; to fad the Side BD 
included between them. 

Let the Angle B be 
3<" 08', and D 46«» 1 8', 
and tbe Side BC 3o« 00'. 

Firft, find the Seg- 
Beat of the Bafe AB, « 
thos. * 

K 4 As 




T 3 6 S^ical Tri^v^omttry. Pitt \. 

At ct. BC 30^ o(/ 1 6. JaSjfC 

To Radim lo. 

So is cs. B 36^ oV 9«90722 

To t. AB 25^' 00' 9.68966 

Tfiea the Angle B, the Bafe BA^ aOjd Perjteildico- 
lar AC, being compared, AB is fooncHto be the mid- 
dle Part, and AC and tbe Comfd. B Extremes Coa« 
land i md in the ether Triaagte^ Ap is the ittiddle 
Part: therefore it will be. 

As ct B 3tf^ 08^ 9*8^3385 

To s. of AB if> 00' ^.d25948 

So is ct. D 4^^' 1 8' 9.980285 

Tb s. AD I ?• 09' 94^9^1 8 

Add AB 25*00' to AD 17*09', the Sam it 42* ■ 
09', tbe Side BD required. 

Let OS foppofe tbe Angles B and C, and the Side 

BD given ; and let BC be rcqaired. 

Let B be 3«* 08', C 

» l^v^ B I ©A and BD 42* 09'. 

iV^-^^.-^ ^ ^ In the Triangle ABD 

\\ y «»eb<hregken (beidesthc 

\ \ jer '»B^« Angle A) the Hy- 

1 ^su.."'^^^ pothensfe BDb and the 

2 — "-^ Angle B i to find the BaTe 

. •*• AB i tbas. 

} 

As ct. BD 420 op' ^ 9.95^723 

To Radius ib. 

So is cs. 13 36^ oW^ 9.907221 

To t. BA 3<S' 1 o' ^ 9.8tf394$ 

J Thctt 
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Then if the Angle B, the BafeAB, and Perpendi- 
colar AD9 be comparvd, BA wiD be the middle Part, 
and tbe CompL of B, and AD, Extremes Conjand ; 
and AC is the middle Part in tbe Triangle ACD: 
therefore it wiU be, 

Asct. B3<S^o8' 9^8^338$ 

To s. BA 360 1 cf P.770952 

So is ct. DCA ?«• (theComplof BCD> ^ ,^^„ 
1040) I9i96ni 

To s. AC tf« 10' P.031 108 

If AC 5"" 10' be fabtraded from BA ^6^ lo^, there 
remains BC 30^ oc^ 

Let the An^es B and G, and the Side BD be given % 
to find BC (as before) bat withoat a Perpendicdar. 

Firft, we mafl; find tbe other oppelite Side CD,' 
thus* 
a; .. BCD 1040 (or its ^»^J<^')? 0^1309* 

To S.BD 42*09' p.8itf77i 

So is s. 6 5^* q8' 9.770606 

•■■■■■ •HHHMW 

To s. CD 24* 04^ 9^ 1 0473 

Then by the Inverfe of either of tbe Proportions in 
the ftcond Axiom, find BC thns. 

At ca. of half the Difierence of the^ ^ogi^g. 

two Angles 33® 56' S * ^ 

To cs. of half their Som 70^ 04^ 9«53 ^^o 

Sot. of half theSkunof the tiro Sides^ ^gi^.^^ 

33« Q6^i 3 ^* ^^ 

To t. of half ^hc third Side i $• oo' 9^^28057 

Theft if I $• 00' be dooblfid. it nakei so* oo', tbe 

Side BCfooght. ' ^ • CASE 
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CASE VIII. 

T»o AngUs B M/td Df mA the Side BC opfofte t» 
put <f themybeing given^ to find the third Angle C. 

Let B be 3^ 08', and 
D 4$° 1 8', and the Side 
BC 3o'oo'. 

Firft, find the ver- 
tical Angle ACB, thos : 

As ct. 83^08' 10.135515 

To Radios >o. 

So C8.BC 30' 00' 9937530 




■»• 



To ct ACE 57* 41' 9.8p09i 5 

Then in the Tmnglc ABC, |f the Angles B and 
ACB> and the Perpeadicalar AC be compared, the 
Comp. of B will be the middle Part, and the Comp. of 
ACB, and AC, Extremes DisjaDd ; and in the other 
Triangle ACD, the Angle D will be the middle Part : 
therefore it will be. 

As cs. B 36° 08' Ar. Com. 0.092778 

To 8. ACB 57" 42' 9'93^99t 

So is cs. D 46^ 1 8' 9.839404 

To s. ACD 45* 18' 9-859173 

Then if ACB 57"* 4*' be added to ACD 4^ i^'i 
the Snn will be 104° 00'', the whole Angle C. 



Agaio^ 
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Again, foppofe the Angles B and C, and the ^ide 
BD, giTCQ i to find the third Angle D. 

In theTriangle ABD, d js^ ^^</* 

there is given the P^^ — — j ^^^"j 

Angle B, and Hypo- l\ y 

khcnofe BDi to find \ \^ v^ 

the Angle ADB j thus. A ^^ :J>^ 

As ct. B i^"" 0%' 10.136615 

To Radius lo. 

So cs. BD 42** 09' 9.S'joo4,7 

To ct. ADB tfi"" 34' 9.73343a 

Then in the Triangle ABD, if the Angles B and 

ADB, and the Perpendicnlar AD be compared, B 
will be the middle Part, and AD and the Comp. of 
ADB will be Extremes Disjonft ; and in the Triangle 

ADC, C will be the middle Part, and AD, and 
CompUof ADC Extremes Disjanft } wherefore it will 
be, 

As cs. B 3^ 08' Ar. Com. 0.092778 

To s. ADB 61^ 34' 9.944»7a 

60 iscs. ACD75°(the Com. of BCD 104'') 9-383*?$ 

To s. ADC 1 5** 1 6' 9-420625 

If ADC 15^ 16' be fubtraded from ADB 61^ 34', 
there will reqdain 46'' 18^, the Angle D required. 

Ijct B and C, and the Side BD be given Cas 
before) to find the third Angle D, withoot a Perpcn* 
dicolar. 
' Firft, find CD oppofite to the other Angle B, 

* thqs* - , » * 

As 
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As s. C 104*^ 00' (or t6^ its Qomp.) A. C 0.01 jojS 
To 8. BD 41* 09' 9.826771 

80 s. B 35« 08' 9.770tfo5 

TofXD 24* 04' 9-ffi0473 

Then by either of the Proportiotts in the firft 
Axiom inTertedy 

As cs« of half the Difference of the Sides? . * 
BD and CD 9" 02' f S ^-^S+JO 

To cs. of half their Sam 3 3^ otf' f 9-923057 

So t. of half the Som of the Angles B > ^ « 

and 070^04' S '^-44^5^8 

Toct. of half the contained Angle > ~~TS 

23<»o9' S io.3(J899S 

Then ii 2^09' he doabled,it will nuke ^ i%\ the 
Aogte Drcqaired. 



C A S E IX. 

T»o Sides BC Mi BDy mA the AngU B cmfre-, 
henieA between thewty being 'given, to ^d the 
third Side CD, 

LetBCbejoooo', 
BD42«09',aodthe 
Angle B 36"* 08'. 

Ta the Triaog^ 
ABC, there is gWen 
the Anele fi, and 
the Hypothenofe 
BC} to find the 

As 




Bafe AS; thus. 
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As ct. BC 30** 00' 102385$ 

To Radios lo. 

Socs.B3<^o8' 9.90721 

To t. AB 25o 00' 9.66S66 

t 

I 

Sobtrad AB 25"" 00' from BD 420 o^, and there, 
rcnaios AD li" osf* 

Tbto AB and BC, aod the PerpendkaftK' AC be- 
lo^ compared, we ihaU find the Complement BC the 
middle Part, and AB and AC Extremes Dtsjond; 
ind the Comp. of CO will be the middk Part in the 
other Triangle : then it virill be, 

Ascs. AB2j*oo' Ar.CoA« 0.042725 

To cs. BC 30*" 00' 9.93753 1 

Sacs. ADi7''o9' 9.980247 

To cs. CD 24^ 04^ 9«9tf0503 

Again, foppofe . BC 30'' oo^, and CD 24004% and 
the comprehended Angle ^ 3 

C, given J to find the Side y>-^ , „ j^, „, -^ 

la the Triangle ACD, \ \ ^/^ 

it gifen the Hy pothentife I ^\^^y^ 

CDj and Angle ACD; JL'*''*^0 

to find the Bale AC, thos. ^ 

As ct. CD 240 04' 10.350058 

To Radios 10. 

Socs. ACD 7^« 00' 9*383^75 

t 

To t. AC ^ *0' 9«O330I7 

Add AC 6q 10^ to EC 30^' 00', the Som is 9tf# io% 
tbe whole Bafe AB : then it will be^*^ 

As 
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As cf . AC tf* I o^ Ar; Coih. o.ooa 521 

To a. DC 24* 04' 9-9*0505 

So is ci AB 3tf« lo' 9-907037 

To cs. BD 42^ 09' 9.87006J 



Mr. CoV&D&folves this Cdfe dfiei^ thi fotla0i$fg 

Method. 

I. tf both Sides are eqaal, then it will b6. 

As the Radios to the Sine of the common Side, 
So is the Sine of half the Angle to the Sine of 
half the Side fonght 

^ i. to al) other Cafts, one or botii of the inclodiog 
sides being lefs than Qoadrants, it will hold. 

As the Radios to the Co-fine of the Angle in- 

cloded. 
So is the Tangent of the lelTer Side to the Tan<^ 

gent of a fourth Arch. 

If the Angle indoded be lefs than9oS fobtfaatbe 
fourth Arch from the other Side ^ but if it be more^ 
from the other Side's Com pleinent to iSo^. There-^ 
mainder is called the Refidoal Arch. Then, 

As the Co-fine of the 4th Arch to the Co-fine 

of the Arch remaining, 
So is the Confine of the leflTer Side to the C6*fine 
of the Side foaght. 

When the contained Angle is acute, and the refidaal 
Arch more than 90% or when the faid Angle is ob- 
tofe, and the refidoal Arch lefs than a Quadrant, the 
Side fought is greater than a Qoadrant *i in all othef 
Cafes le(s« 
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T0 refolve this Cufe mthout s PtrfemUcuUr. 

I (hall here make ofe of Mr« Ottim^s Proportion ; 
ivbicb is tbos. 

As the Cube of Radius is to tbc Redaogle of tbe 
comprebeadiog Sides^ 

So is tbe Square of tbe Sine of balf tbe cootatoed 
Angle^ 

To balf tbe Difference of tbe verfei) Sines of the 
tbird Side, and of tbe Arcb of Difference between the 
two including Sides. 

Which is thus; double tbe Log. Sine of balf tbe 
Angle given, and thereto add the Log. Sines of the 
containiog'^deSy and from the Left-band of tbe Sum 
daOi out 3 for the Cube of Radius ; fo refts the 
Log. of balf theOifierence of tbofe two verfed Sioes. 
Which balf Difference doubled, aod added to the 
verfed Sine of tbe Difference of tbe Legs or contaiatag 
Sides, gives the verfed Sine of tbe Side foaght. 

We wiU fuppofe (in the former Triangle) tbe Side 
BC 30"* 00^ CD 24** 04', and tbe Angle C 104'' 00', 
£i ven ; ' to find tbe Side BD« 

TbeLog.SineofBC3o<*co' 9.698970 

The Log. Sine of DC 24® 04' 9.610445 

The Log. Sine of 5 20 (half 1040) doubled 1 9«793o54 

Tbe natural Sine againft 3^9.102480 

Is 1 2663 18 i which doubled is 2532636 

The natural verfed Sine of 50 56' (tbe> ^^^^^^^ 

difT. of the Sides) i ^"^53572 

The Sum is the natoral verledSiae of 9 ^,o^,^q 
420 09', the Sid« BD J zi^iica 

If 
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If the Logarithm of the Namber 2 be added to the 
Logarithm of the middle Teriu, we flull have the 
Log. of the whole Difference in the lafl: place ; having 
found itttake theMomber that ftandt againft it in the 
natural Sines, and add to it the natural irerfed Sine 
of the Difference of the Legs^ and the Som is the na- 
tunl veried Sine of the Side fonght. 
Exumfli. In the Triangle ©ZP, let there be ^vea 

the Side 0Z, theComp. of 
the Son's Altitude 70"" 53^, 
and the Side ZP the Comp^ 
of the Latitude 39^ oo^ 
with the Angle included 
OZP 11$^ the Son's Azi- 
muth from the North \ to 
find the Side ^P, the Son's 
diftance from the elevated Pole. 
The Log. Sine of 700 53^ 9*91 jilS^ 

Log. Sine of 390 00' 9«79o87 1 8 

liOf* Sine of 570 30' doubled 19.8520584 

Log. of a 0.3010300 




«^MW^*W^M 



The natural Sine againft ^9-9273i48 

Is 8458830 
Add 1508745 the natoral verCbd^neof 3i^53'|tbe 

— *— — — Difl*. of the Legs. 
Som 99^1%l6 the natoral verfed Sine of 89^^ 49', the 

Side 0P fooght. 

N^tie^ If the Sum of the foor Log. Stnes be more 
than Radius (after 3 is da(b'd out) look for it in the 
Log.SecantS9 and take the natural Secant that ftands 
againft it, rad to that add the natural vcr fed Sine of 
the Difference of the Legs ; the Arithmetical Comple- 
xttetttt>ftheSum is the natural verfed Sine of the Com- 
plement of the Side fought, to 1 8o<>. 

Exdmflc The Side ®Z 700 53', and the Side ZP 
iV" 28V and the Angle ®ZP 1450, being gi^cD^ to find 
©P. 

The 



Chap. 9. Spherical Trigonometry. 1 45 

The Log. Sine of 70*" 53' 9-97 5 3^4^ 

The Log. Sine of sS*" 28' 97958317 

The Log. Sine of 72* 30' doubled 19.9588390 

The Log. of 2. 0.3010300 

The natural Secant agaiafl: 1 0.02906 53 

Is 10692^3 
Add 1 558250 the natural verfcd Sine of 32" 25', the 

Diff. of the Legs* 

12250743 

The Arithmetical Complement 7749257 h the 

▼erfed Sine of 77V whofe Complement to 180® is 

103% the Side ®P fooght. So the San's Declinatioa 

is 1 3* South. 

This Proportion is of great ufe for calculating the 
Diftances of Places on the Earth by their Latitudes and 
Longitudes, and of the Diftances of Stars by their 
Declinations and Right Afcenlions, or Latitudes and 
Longitudes; bat it is of very excellent ufe forcalcu* 
lacing the Sun's Altitude at all Hours, for it finds two 
Altitudes at one Operation, the double Rediangle be« 
log fix'd for that Declination, thus : 

Add the Logarithms of the Number 2, and of the 
Co-fines of the Declination and Latitude together, the 
Sam may be called the fixM Logarithm^ double the 
Logarithm Sine of half the Hour from Noon, and add it 
to the iix'd Logarithm, the Sum CrejeAtng 3 towards 
the Left-hand, for the Cube of Radius) is the Loga- 
rithm of the Difference : Take the natural Sine that 
Itaads againft it, and fubtradt it from the natural Sine 
of the Meridian Altitude, and there remain the 
nataral Sines of the Altitudes fought. 

If this Difference cannot be fubtraded from the Sine 
of the Meridian Altitude, it argues the Sun bath no 
AlCitade above the Horizon \ in this Cafe fubtraft that 
firom this, and there will remain the natural Sine of 

L the 



1 46 spheric^ frigmmttry^ • Part i 

the Suu% Altitude for the like Hour from IVlidiright in 
Summer. 

Ex^mpie. Let it be required to calculate the Sod^s 
AUitude^when he hath 23^ 3^^ both Korthaod Sooth 
DccHoatioa for the Latitude of London^ at 2 and 5 a 
Qtick lE^ the Afternoon, or (which is all one) for the 
Hours loaad 7 in the Morning. 

Sine of 38* 28' Compl. Lat, 9-7938317 

Sine of 66 30 Compl. of Declin. 9^9^^3973 

Logarithm of the jSumber 2. CU3010300 

The fixed Logarithm 20.0572595 
Log. Sine of 1 5"" doubled, add 1 8.8^ 59924 

The nearcft nat. Sine agaiaft it is 76.1^190 8.88325 19 

Tbe Stsoiaier Meridian Altitude is 61'' s^' 

And its natural Sine is 882^743 

I^rom which fubtrad 7^4290 the DiScrence foiuiui. 

Remains 8062453 tbe nat. Sine of 53*44' 

The Summer Altitude for the Hours 10 and 2. 

. The Winter Meridian Altitude is ia""! ^^q^ ^ 

58^, and its natural Sine J i$^^i90 

Subtra^ the former Difierence 764290 

Remaias the natural Sine of lo" 30' th?? o«. « 
Winter Altitude S '»»3poo 

for the Hours of 2 aad 10. 



The 
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The fame Day for the Altitade of 5 and 7. 

Fixed Number ioo5725P5 
Sine of half the Hoar from Kooh > . ^^o© 
37^^ 30' doubled 5 t95d88p42 



The fiatoral Sfneagainft it is 4228819 39<S26i537 

The Winter Meridiin AJtitode 2588190 

-■ - 

Refts 1 64C62P the nat.Sine 
of 9" ^^, SAmfflet Attitude for 5 ia tbd M6raing, or 
"J at Night. 

The Satamet MeridiaA Altitade as before 88i«743 
The former Diflbteace 422 88' t p 

Refts the natural Sine of 27^^ 22' 4597P24 

the Sommef AlEitude for 7 in the Morning, or 5 
in the Afternoon. 

The Side ibaght lAay be greatef tli)iti » Qparframt, 
and fo be doobtful ; but we ttrj (ktttmiM, 

That irhen the Legtafre of the fame kmdy ami the 
Angle comprehended a^nte^ the 81^ io tfght is Ub tkn 
a (^adrant. 

And When the L«gs or co'fltaining Sides are 6f a dif- 
i^enC kind, snd^ the Angle obtufe, the Side fonght li 
greater than a Qoadrahc^ 
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Parti: 



CASE X. 



TiPd Angles B and C, and the interjacent Side £C, 
being given \ to find the third Angle D. 




Let the Angles B be 104''^ 
C3tf°c8', and BC 30*" cc'. 

In the Triangle ABC, there 
is given the Angle ABC, and 
the Hypotbenofe BC ^ to find 
the vertical Angle ACB. 

As ct. ABC 76"* 00' 9.39^77 

To Radios lo* 

So is cs. BC 30'' 00' 9.93753 

Toct. ACB i6'*oV 10,5407^ 



Add ACB 16^ 04' to BCD 3^ 08', the Sam is $2^ 
ii\ the whole. An^le ACD* 

Then in the Triangle ABC, the obliqoe. Angles, 
and the Perpendicalar AC being compared, the Comp. 
of the Angle ABC is the middle Part, and the Comp. 
of the Angle ACB, and AC are Extremes Disjund ^ 
and in the Triangle ACD, the Angle D is the middle 
Part : therefore it will be. 



Ass. ACB 16^04^ 
Toes. ABC 76^*00' 
So is s. ACD SI** 12' 

To cs. D4^ 19' 



Ar.Com. 0.557903 
9.383675 
9.897712 

_ 9.839290 



Mo 
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Mr. Gollins delivers thefe foUowhg Proportions to 

folve this Cafe. 

U If ix)th the Angles are eqaal, it wiQ be. 

As Radius to the Sine of the Angle given, lb is 
tbe CO'fine of half the given Side^ to the Co-fine of 
half the Angle fought. 

la all other Cafes not belonging to right angled 

Triangles, 

If one or both of the given Angles be acute, it holds. 

As the Radius to the Co-fine of the interjacent Side, 
So is the Tangent of the lefler Angle, to the Tangent 
of a 4th Arch. 

If theinterjacentSide be more than 900, fubtrad the 
4th Arch from the other Angle ^ but if lefs than 90^, 
fubtrad the 4th Arch from the other Angle's Comple- 
ment to 1800, noting the refidual Arch. 
Then, 

As the Co-fine of the 4th Arch, to the Co-fine of 
tbe Arch remaining ^ 

So the Co-fine of the lelFer Angle, to the Co-fine of 
tbe Angle fought. 

When theinterjacentSide is lefs than a Quadrant, 
and the refidual Arch more ^ or when the interjacent 
Side is greater than a Quadrant, and the refidual Arch 
leis, the Angle fought is obtufe -, in aU other Cafes 
acute. 
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MO 
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Exgmfle. In the Triangle ©ZP, let there be givcni 

the Angle of Poficion at 
^ © 21* 28' i the Angle a; 

P the Hour from I^oon 
if 47^9 and the Side 
©P, Che Sun's diftance 
from the elevated Pole 
103^00^ to find the Sun^ 
T> Azimuth ®ZP. 




I 9 35^088 
9.594655 



As R((dio$ to cs. of 77' 00' (the 

Compl. of 103°) 
So ist. 2®P2i°28' 

To t. .of the 4th Arch 5"* oj' 

From 33° 47' the greater Angle, 
Subtraa 5 03 the 4th Arch. 

flemainsiS 44 the rcfidaal Arch, 

Then, 
As cs. of the 4th Arch j*" 03' Ar. Copj. 
To cs. of the refidual Arch 28* 44' * 
So is cs. of the Icflcr Angle 21^ 28' 

To C5.of 35°co' 

Whofe Complement to i8o°is 145% the Angle 
foaght ; this Angle is. Qbtofe, becaafe the iaterjaccat 
Stdeis n?orc thiq a' Qjiadr-^t, aAd the refida^l Arch 
Itfs, 



q.o8itf89 
9.942933 

9.913399 



C:a SB 



« «!. 



Chap. 9, Spherical Trigonometry. 151 

C A S E XI. 

The three Sides BC, CP, mcL BD, btifi^ given ; /# 

fnd the Angle D. 




e 

Let BC be 30" 00', CD 04° 04' and the Bare* BD 



BC 30° 00' 
CD 24 04 

Sutn 54 04 faalf Sam 27 02-% 

< half the Bafc a I " 4'-*. 

Biff 5 5'S half Diff. 2 58S 

Theo to find the Segments^f the Bafe, fay, 

Astof halftheBafe2i'4't Ar.Com. '0.4141259 
To t of half the Som of the Sides 27° 02' 9.7077902 
So'wt. of half the Diflereoce of the Sides? » 

2*58' ^ 5 8.7 > 45345 

To t of half the Diff. of the Segments of > « « , . 

the Safe 3* 55' S ^•^3«45a«^ 

Add andfubtraa2i 04^ the half Bafe. 

Sam 25 oof the Segment AB. 

Piff. 17 c8i the Segment AD, 

1-4 Then,' 
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Then, 
As Radius to t. AD 17° oS'f 
So is ct. CD 24° 04' 

To cs. the Angle D 45° 19' 
Again, 



Part I. 

9.4891 <J5S 
10.3500583 

9.8392238 




In the Triangle BCD, let 
the Side BD be 24'' 04^ BC 
30® 00', and DC 24^ 9' ; and 
let the Angle D be required. 

Half the Bafe BD is 12^ 
. 02^, and 

Half the Sum of the Sides 
360 ^ ■i'^ and 

Half the DiC of the Sides 

Then, 

As t. of half the Bafe 1 2** 02^ Ar. Com. 0.^712847 

To t. of half the Sum of the Sides 360 04't 9.8<5245do 

So is L of half the Diff. of the Sides 60 4'f 9.0270550 

To tof half the DifT. of the SegO 

ments 19^59 i ^ '^^' 

Add the half Bafe 12 02 

Sum 32 01, the Bafe DA. 



Again, 
As Rad. to t. Bafe AD 320 01' 
So isct. DC 42^09' 



9.79^0703 
10.0432767 



To cs. of the Angle D required 46^ 1 8' 9-839347^ 



• » 



Tfl 
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To folve this Cdfe mthout d PerfetfdicttUr^ iy the 

i^h Axiom. 

In the Triangle ®ZP, z 

let ®Z the Complement 
of the Sap's Altitude be 
50*^00', ie>P75o 00' the 
Son's diftaoce from the 
elevated Pole, and 2P 
Sp"" 00' the Complement 
of the Latitade \ to find the Angle Z the Sun's A« 
2imoth from the Is!orth. 

I. By thefirft Proportion, Tagi j6. 

ZP 39 00 I HalfDifferenceaddand fobtrad $ 30 
■ y ■ 

Diflf. 1 1 00 I Sam 43 00. 




Half y 30J. Diff. 3^ 00 

Then tt will be. As the Redangle of the Sines of 50"" 
00^ and 39^ 00', the Sides comprehending the Angle 
required, is to the Square of Radius 9 fo is the Re&* 
aoele ofthe Sines of 43^00' the Sum, and 32^00^ the 
Dificrence, to the Square of the Sine of half the Angle 
Z required. 

Therefore, firfi: fet down the Arithmetical Com- 
plements of the Sines of the containing Sides, and 
oiider that the Sines of the Sum and Difference i half 
the Sum of all them will be the Sine of half the Angle 
required. Thus: 

®2 
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02 50* oo'? - ^^ 4 ... _ c Sine o.i 1 574* 

2P 39CoS^®°P'^"^^°-? Sine o.ioiuS 

The Sam 43° go' Sine 9.833783 

TheDifi'. 31 00 Sine 9>724209 



r" 



The Sam 19-87495^ 



The half of the Sam of the Log. Siocs is^ ««,_,,, 
the Sine of 59- S9' S ^^^'*^* 

DoDbled is 119 58 the Angle Z, the Azn 
piathfrom the North part of the Meridiafi. 

Again, Let the Aogle P, the Hour from Moon, be 
required^ 

® P 75* col ^l^^f^'^ ^ ^ ^°' ^°'' ^l 25-00' 
ZP 39 CO Half DifT. add and fobtrad: i8 oo 



75 00' 
39 CO I 



DiC 36 00 I Sam 43 oo 

Half 18 00 J : Difl*. 7 00 

The Sine of the Sam lif 9*'^iil^ 
The Sine of the Diff; '7^ 9.085894 

Sum 19.1358^1 
11^42' 9-S^793o 



Doubled Is 4^ 24 the Angle P, 
which is the hour from Noon, that is 53 min. 35 fe* 
conds paft 2 ia the Afternoon i or tf min* 24 fee palt 
^ if It was in the Morning. 

2. By 
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St Bj th fecoifd Proportion. P%^79» 

Add all the three Sides together, and take half the 
Sam, aod from that fobtraa the Bafe (or Side oppo* 
lice to the Angle required) then, 

As the Redanglc of the Sines of the comprehending 
Sides* is to the Sqaare of Radius ^ fo is the Redangle 
of the Sines of the half Sum and Difierence, to the 
Square of the Co-fine of half the Angle required. 

9Z 50^00'! ©2 50° 00' Ar. Com. o.i 1 5745 

2P 39 00 I ZP 39 00 An Com. 0.201 12S 

^fe €)P 75 CO I Half Sum 82^00^ Sine 9.99$75J 

I DifF. of the Bafe and> ^^0,0^, 

I half Sum, Sine S 9-0^^94: 

The Sum 164 00 [ 



JIalf 82 00 



Sum 19.398521 



30** 01' 9.699260 
Piflu 7 00 J 

Which doubled is 60 02 whofe Com- 
plement to 180 is f 19'' 58', the Angle 
Z, the fame as before. 

This Cafe is uCially folved upon the Sliding Rule, 
or upon Gwnerh Scale^ by the Method following, 
(^whlch is the fame in efieft as the Proportira al>0Tej 
viz.* 

A» Rad. to one of the containing Sides 50% fo is 
the other coatainiag Side 39^ to a fourth 28'' 49^* 
Then ag^in. 

As that fourth to the half Sum of the Sides 82% fo 
is the Difference 7^ to a feventh Sine ^''so^ ; then 
divide the fpace between 14° 30^ and 90° into two eqnal 
Favts, the middte Point between them will be at 
^o"* 01^3^ half the Complement of the Angle, as before* 

hat 
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Bat if you have vcrfcd Siacs upon yoorRule, you 
will find agaioft the Sine of 14"* 30', the verfedSine of 
1 19^ 58', the Angle required, the fame as before. 

J. Byihe third Profortio»y Page 80. 

Where it is; As the Rcftanglc of the Sines of the 
half Sum of the three Sides, and of the Difference of 
the Bafe, and the faid half Sum, 

To the Square of Radius ; 

So is the Reaangle of the Sines of the half Sum of 
the Bafe, and Difference of the Sides, and of the Diffe- 
rence of the Bafeand Difference of the Sides, 

To the Square of the Tangent of half theAngle fought. 
. ©250*^ 00^ half the Bafe 37' 30'! ©Z 50*^ od 

ZP 39 bo half diff: Sides 5 30/ ZP 39 00 
T^-^? c ^Kafe ©P 7< 00 

Diff: II 00 Sura 43 00 r '^ 

Tj ,7 "~* Trx-ff-' \ Sum 154 CO 

Half 5 30 Di£ 32 00 J I 

Half 82 00 
DiiE 7 00 



Half the Sam of the three Sides 82'oo'> 

Sine Ar. Com. % oo04H7 

DifE of the half Sum and the Bafe 7° ooS 

Sine Ar.Com. I op?4io^ 

Half Sam of the Bafe and Diff. of the-j „ 

Sides 43" 00' Sine ? P-833783 

Half the Diff.of the Bafe, and Diff of-> 

thcSides32oo' Sine ^9.724109 

20.47534.5 



* 



Half the Sam is the Tangent of 59° 59'? 

half the Angle r°-»38T72 

doubled 119 58 is the Angle 
2 required. CASS 
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See Definit. 6. 



CASE XIL 
The three Angles given ^ to find the Sides. 

Let the Angle Z the Suo's Azimuth be 119'' %%\ 
the ADgle P the Hour from Noon be 430 24^ and the 
Angle of Pofition at © be z^ 11' j to find the Com- 
plement of the Latitude ZP. 

Firfi^ We moil reduce ^^ 

the Angles into Sides, 
thns. Take the Comple- 
ment of the greateft An- 
gle 1 19^ 58^, and that nvill 
be the greateft Side of the 
ntw Triangle^ the other 
two Sides will be the fame 
a» the other two remaining Angles. 
Chap. 6. 

So the Sides of the Triangle 
ABC, are equal to the Angles 
of the other Triangle ©ZP, 
each Side of the la ft Triangle 
to its oppoGte Angle in the 
Gr&i only the Side AB in the 
laff^ is the Complement of the 
Angle Z in the firft to 1 80 : fo 
likewife will the Angles in the latter be equal to the 
Sides in the former, but the Angle C in the latter 
win be the Complement of the Side ©P in the for- 

incr. 

Having thus reduced the Angles into Sides, we may 

find the Angle A, which will be equal to the Side ZP 

in the former Triangle, by any of the Proportions in 

the foarth Axiom, or by letting fall a Perpendicular, 

as io the laft Cafe. . 
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tlj the firfi Profortioftf Axiom IV. 

ABtfo"o2'-v HalftheBafeCB 17' 11' 
AC 43 24 /half DiC add and fob. 819 

Diff. itf 38Q Sum 25 30 

Half 8 19-^ Dlff: 8 51 

The Side AS (So" oa' Sine Ar. Com. 0.052324 
The Side AC 43 24 Sine Ar. Com. 0.162988 
The half Sam of the Safe and Diff of > ^ ^ o 
the Sides 250 30' Siae J S^<^33S>»4 
TbefalfDiffoftheBafeandDiffofthe? ^.^ 

Sides 8 si Sine S^*?^ 



•mmm^ 



The half Sam is the Stae of batf the? 

Angl«Aij>»30' 5^-5i35i»4 

doubled is the Angle A 39 00 

A^ain, let the Angle C (equal to the Comp. of the 
the Side ®? in the firft Rgwre^ be required. 

By the fetond Pfofortion^ Axiom IV. 

Bdfe 50° 02a AC 43" 24' Site Ar. Com. 0.152988 

43 24 BC 34 ^a Sine Ar. Com. 0.24834S 

34 22 Thehalf Sam 68* 54' Sine 9^9698^0 

TheDiSereace 8 52 Sine 9.187909 



Sam 137 48 )» 



i>r ^^ 



Half 6% 54 



t* li* —n 



I9.S^J097 



8 5 2 J 
Half Sum is the Sine of 37" ^<i' 'p.78454» 

Which doobkd is 75 co the Side ®P. 

Whofe Complement to 180, is the Angle O 

Thif 
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The Firft, Second, Fifth, Sixth, Seventh, and 
Eighth Cafes, may be tcrm'd the doubtfui Cafes, be- 
caufe that three given Terms are not fufEcient Data 
to find One (in^le Anfwer v^ithout the quality of a 
fourth : which is thus demoaftrated. 

Let AD aod AC be 
two equal Sides io- 
dnding the Angle 
DAC, and both of 
them lefs or greater 
than a Quadrant. 

Draw thro the 
Poiflts C aad D, the 
Arch of a great Gr« 
cleCD; continue it, 

and draw thereunto another Arch or Side from A ^ 
namely AB, neither thro the Poles of the Arch CD^ 
nor thro the Pole&of AD, fo that the Angles B, and 
BAD may not be right Angles, nor the Angle ADB : 
If then each of thefe ^es AD and AC, be lefs than a 
Quadrant, the two Aagles C and ADC will be acute ; 
and if thefe two Arches be greater fefpedively than a 
Quadrant, the two Angles C, and ADC, wiQ be ob-* 
tufe; whence it comes to pafs, that the Angle ADB 
is obtufe, when the Angle ADC is acute, and the 
contrary: Kow forafmoch as AD and AC are equal 
to each other, the other Data, viz.. the Side AB, and 
the Angle at B, are coomon to both ^ for in eachTri* 
angle ABD, and ABC, there are given two Sides, with 
the Angle at B, oppofite to one of them : now tbeic 
are not fufficient Data to 5nd tbeAngle oppofite to the 
other Side, which may be either the acute Aogle C; 
or the obtufe Angle ADB, the Complement thereof to 
a Semicircle: Kor to find the third Side, which may 
be either BD, or the whole Side BC; aor the Aagle 
included, which may be either BAD or BAC: there- 
fore io thofe three Cafes we have required the quality 
ir of 
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of the Angle oppofice Co the other given Side AB^ 
and tho it be not fo mnch obferved in letting fall Per- 
pendiculars, without the knowledge of the quality of 
the faid Angle^ it could not be determined whether the 
Perpendicular would fall within or without the Tri- 
angle, nor whether the Angle found in the grft Cafe, 
be the thing fought, or its Complement to iSc^ ; uor 
whether the Angles or Segments found by the firll: and 
fecond. Operations in the other Cafes, are to be added 
together, or fubtraded from each other, to obtain the 
Side or Angle fought. 

So alfo two Angles, with a Side oppofite to one of 
them, are not fufficientData to obtain a fourth thing 
in the faid Triangle, without the afiedion of the Sid6 
oppofite to the other given AngU. 




Let AB and AC be two unequal Sides containing 
the Angle BAG, both together equal to a Semicir- 
clc, one being greater, the other lefs than a Qua- 
drant ; draw thro the Points B and C, the Arch of a 
great Circle BC ; continue it, and draw thereto from 
A another Side AD, but not thro the Poles of AC, 
nor thro the Poles of BC •, fo that the Angles D and 
CAD may not be right Angles, nor the Angle ACD 
a right Angle •, for if it were a right Angle, the Angle 
ABC, whereto it is equal, (bould be alfo a right Angle ; 
and fo the two Sides AB and AC, by reafon of the 
Right Angles at B and C, Ihould be equal, and the 
Qaadrants contrary to the Suppofition. Now that 

the 
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the Angles ACD and ABC are equal, may be tbos 
proved : Soppofe tbe two Sides AB and BD to be 
continoed to a Semicircle at B, then will tbe (aid 
Angle be eqnal to its oppofite at B*, the Side AC by 
Sappofition is equal to the Side AE, tbe Complement 
of the Side AB to a Semicircle : bat equal Sides fub^ 
tend equal Angles ; therefore t^e Angle atC is eqnal 
to the Angle at B, or at £ : which being admitted^ 
retaining the Side AD and Angle at D, we have ano- 
ther Angle oppofite thereto, either C or B, which are 
cqaal and common to both Triangles j and fo, if the 
Side oppofite to the given Angle at D, were fought, 
a doable Anfwer Ibould be given, either the Side AC, 
or tbe other Side AB, its Complement to 180^: and 
the Interjacent Side might be CD or BD, and the 
third Angle the Icflcr Angle CAD, or the greater 
BAD. So it is plain, that by only the three Terms 
given, tbefe Cafes are doubtful without the affedioa 
of a fourth. 

In an fuch Cafes, where the affedion of the Side or 
Angle required is not knowjn, .it will be the belt way 
to delineate the Triangle truly -, and by that you may 
commonly difcern whether it be more or lefs than a 
Qpadrant. How to delineate any Triangle by the 
three Terms giveri^ fhall be flievired in the next 

Chapter. 

< ... 

I (hall next ftiew bow to vary the fecond Propor- 
tions in each of tht'Ten firfl: Cafes : Which may be 
dont by the Theorems laid down ia*Page io8,c^r. 

The firft Proportions being right angled Triangles,' 
the Variations are already (hewn. 
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CASE L 

The Proportion is. 

Ass. BD:s.C:! S.CB: S.D. Botitmaybe, 
As fee C : fee ED : : s. CB : s. D By the InYerfe 

of Thcor. 6th. 
And As s, C : s. BD : : fee CB : fee. D By the 5th. 
As fe.c. BD : fe-c C : : fe.c. CB : fe.c. D ByTbeo. 

the 4tb« 

CASE U. 

The Proportion is. 

As s. C : s.Bb : : s. D : s. CB. Bot it may be; 
As fe.c. BD : fee C : : s. D : s. CB By the In- 
vcrfe of Theor. tf tb. 
And As s. BD : s. C : : fex. D : fe.e CB By the <th. 
Asfex. C : fe.c.BD : : fe.c D : fe.eC0 By the4dL 

CASE III. 
The (econd Proportion is, 

Ass.AB : Ct.B :: 8. AD : ct D 

As t. B : fe.e AB : : s. AD : a. D By the 7th Theon 
As fee AB : t B : : fe*e AD : t. D By the 7tb Hieon 

C A S E IV. 

Tfie fecond Proportion is, 

Ascs. ACB : ct BC : : cs. ACD : ct. DC 

As t. BC : fe ACB : : cs. ACD : ct. DC By the 7tli: 

AsfeACB :t.BG::feACD:tDC Bythe7tli« 



CASE 



I 

i 
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C A S B V. 

The ftcottd Proporctoa is. 

As ct. BC : cs. BCA : : ct. CD r cs. KCD 

As fe. BC A : t, BC : ; Ct. CD : cs. ACD $ By the Inverfe 

As t. BC : fe. BCA : : t. CD : fe. ACD tot the 7th The. 

CASE YL 

The fecond Proportion is. 
As cs. BC : cs. AB : : CS. CD : cs. AD 
As fe.AB: re.BC:: c$.CD: cs. AD B7 the tfth Th«o. 
As cs. AB : cs. BC : : fe. CD : fe. AD By the ;efi. 
As fe. BC : fe. A B : : fe. CD : (e. AD By the 4Ch. 

CASE Vlf. 

The fecood Proportion is, 

As ct B : s. AB : : ct. D : s. AD 

As fe.c. AB : c. B : : a. D : s. AD By the 7th Theor: 

As c. B : fe.c. AB : : t. D : fe.c. AD By the 7th. 

CASE VIII. 

The lecoad Proportion is, 

ASCS.B : ». ACB : : cs. D : s. ACD 
-Asfhc. ACB : ft. B :: cft.D : s. ACD By the tfth. 
As s. ACB : cs. B : : fe. D : fe.c. ACD By the 5th. 
As fe. B : fe.c. ACB : : fe. D : fe.c. ACD By the 4tb. 
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CASE IX. 

The fecond Proportion is. 

As cs. AB : cs. BC : : cs. AD : cs. CD 
As fe. BC : fe. AB : : cs. AD : cs. CD By the 6th Theo: 
As cs. BC : cs. AB : : fe. AD : fe. CD By the ;tb. 
As fe. AB : fe. BC : : fe. AD : fe. CD By the 4th. 

CASE X. 

The fecond Proportion is. 

As S.ACB : cs. ABC : : s. ACD : cs. D 
As fe. ABC : fe.c. ACB : : s. ACD : cs. D By the 6th. 
As cs. ABC : s. ACB :: fe.c. ACD : fe. D By the 5tb. 
As {ex. ACB : fe. ABC : : fe.c. ACD : fe. D By the 4th. 

Thas have I (hewed all the Variations^ and faffi- 
ciently explained all the Cafes both in right and ob- 
liqae angled fpherical Triangles: I (hall next fet 
down a Synop&s of all the Cafes in both. 
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A Synopsis of the Sixteen 
Cafes of right angled Spherical 
Triangles, and their Propor- 
tions. 



LL> 

Kote, That the middle Part ia this Syoopfis, «?he- 
ther given or fooght, is noted with the Old 
Englilh Letter. 




^-52" S 
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Cafes I Given (Reg. I Proporriwr 



I. 



AC. A 



II. 



AC. C 



sc 



BC 



R : s. AC : : S. A : $. SC 

90^ : 46° ai^ ; : 40" OO^ ; 27° 48 

Ct. AC : R : : CS, ({[; : t. BCJ 

46 J I : 90 : t tfo 00 ! 27 48 



HI. 



IV. 



^ - . ^ I Ct. A : R :: cs.fl<( :Ct.C 
**" ^ \ 4000 : 90 '.: j^.6 $1 : 60 00 

A^mur A \^- AC t K :; «.ID4|t : «.A ~ 

A^.n^_ ^ ] 4tf 3 1 ; 90 ; ; 27 48 ; 40 00 

w Ia/- 0/-I iir 1 K : Ct.AC :i t.fiC;CS.C 

V. AC.BC| ^] ^ .^631 :: 27 4^- 600 

CS. AB : R : : CS. HCTcT 



VI. 



aCABi BG 



38 55 : 90 : : 46 3 1 ; 27 48 



vii. I BC. A I av 



R : ct. A :: t.BC : s.fl'B 

90 t 40 00 ; ; 27 48 t 38 5^ 



111 d 



VIII. BC. a c 



CS. UC : R : : cs. a : s. C 
27 48 •.90 ; : 40 00 ; 63 00 



IX. 



X. 



1BC.A 



AC 



a».A 



BC 



s. A : R : : s. IBt : s. AC 

4000190 :: 2748 ; 4^31 

ct.A : R :: s.aiB : t.BC 

40 00 : 90 ; : 38 yg : 27 48 



XI. 



Bccl a 



R c cs.^C :: s.C : cs.)! 

90 : 27 48 : : 60 00 t 40 00 



XII. 



AB.a 



AC 



XIII. 



9llB.BC A 



t. AB : R : : CS. fl : ct. AC 

38 ^<? ; 90 ; ?• 40 00 '. 46 ji 

t.BC : 5.«1B :: R : Ct. A 

27 48 : 38 5<S : : 90 : 40 00 



XIV. AB.BC 



ac 



R : cs.BC :: CS. AB : cs.flC 

90 : 27 48 : : 38 5(? ; 4*? ? i 



XV. 



a. c 



BC 



XVI. 



A. C 



ae 



s. C : R. : : CS. la : CS. BC 

60 00 : 90 : : 40 oo ; 27 48 



R : C(. A : : Ct. C : cs. flC 

90 : 40 oo ;: do coy; 4^31 



^zrJ 
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^t 



A Synopds of the Firft Ten Cases of 
oblique angled (pherical Triangles. 
See the three following Figures. 



I. 



Given |Req. i 



'ix> 



port 



lOM. 



BC 



D 



i.'bD '. i.C :: S.BC : S.D 

41'' 09^ 104° bo' ; ; 30* oo^ 4^' 18' 



II. 



D 



BC 



S.C : $. BD :: S. D : S.BC 

1 04' 00' ; 42° oj)' : : 46" 18' : 30° oo' 



111. 



BC 
BO 



B 



D 









CS.B : CAB 
s. AD : ct.D 



IV. |2 BC I CD 



T. 



cc. BC : K 

s. AB ! ct. B 

ct. B : R : : cs. BC : ct. BCA. 

C$. ACB : ct, BC : : CS. ACD : Ct.CD 



BC 
CD 



B 



jctr. B : R : : cs. BC : Ct. ACB 
kt. BC : cs. ACB : : ct. CD ; cs. ACD 



VI. 



BC 
CD 



I 



B IBD 



ct.BC : R :: CS.B : cAB 

CS. b6 : cs. AB : ': cs. CD : cs. AD 
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CHAP. X. 

Sbetvmg how to refolve dtt the Cafes both of right And 
oblique angled Jphericdl Triangles by Projeifion ; 
that is J • to frojeci airf Sfherical Triangle to an-- 
fwer any of the Cafes in fflferical Trigonometry y by 
what is given in each Cafe. 

BEfore I begin with the feveral Cafes, it win be 
neceflary to fhew how to projeS any Angle with- 
in a primitive Circle, according to any nomber of 
Degrees given \ and alfo to projed any ' greater oi" 
lelTer Circle of the Sphere, and to find its Pole, and 
to meafure any part of a great Circle \ and to mea-^ 
fare any fpherical Angle, &€. 



PRO 
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PROBLEM I. 

To find the Pole of dn) great Circle, 

In this Problem are three Cafes. 

C A S B I . Tbe Pole of the prixxutire Circle is re- 
quired* 

By Definition the fecond, the Pole of a great 
Circle is 90 Degrees from it, therefore the Center of 
the primitive Circle is tbe Pole thereof. 




CASE 2« The Pole of a right Circle is required. 

Rule. From the Chords lay 90 Deg. on the primi* 
tive Circle from C or D, both ways, to B or E i fo 
is B or E the Pole required. 

CASE 3. Tbe Pole of an obliqne Circle is required. 

^ule. The Pole of the oblique Circle BFE is re- 
quired: CD beiog drawn at right Angles to the 

obliqut 
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oblique Circle, and &£ at right Angles to that; dravir 
BG thro F, and from G lay 90 deg. of Chords 
to H9 and draw BH, which, will cut AD in 4, the 
Pole of the oblique Circle required. Or the half Tan- 
gent of the Complement of AF,fet from A to 4, gives 
the Pole. 

PROBLEM II. 

To defcriie a ffhericd Angle. 

» 

In this Problem are two Cafes* 

CASE i« To make an Angle whofe angular 
Point may be at the Center of the primitive Circle. 

Such an Angle is made in all refpeds like a plain 
Angle. 

EkMwfU. It is required to make the Angle DAI 
equal to 23"^ 30^, whole angular Point A is the 
Center. 

t . With a Chord of 60"" (on the Center A; defcribe 
the primitive Circle BDEC \ draw the Diameter CD 
thro the Center, take 23^ 30' from the fame Line of 
Chords, and Xet from D tp I, and draw AI \ and it 
is done. 

CASE 2. To make an AngJ^e whofe angular 
Point may be at the primitive Circle. 

^ RuU. With the Secant of the Angle draw a Grde 
within the primitive Circle. 

Examfli. It is required to projed an Angle of 4^ 
deg. whole angular Point may be at B, in- the primi* 
tivc Circle. 

From the Center A, let the b^lf Tangent of ^^ 
(tbeComp. of 46^) to F, and with the Secant of 46^ 
fet from F upon theDiamccer CD^extended if need be) 
defcribe the obtioue Circle BFfi, which (ball cut the 

primitive Circle in the Points B and £> making the 

Angles 
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Angles CBF and CBF, each cqaal to ^ dcg. as was 
required. 

PROBLEM III. 

To ifM dgredt Circle thro d$$f Point ^fo that itJbdU 
' mdke M^ giviM Jngle with thefrimitive Circle. 

Rule. With the Tangent of tbegireo Angle, and 
one Foot in the Center of the primitive Circle, ftrike 
an Arch} and with the Secant of the Angle, and on^ 
Foot in the given Point, crofs the {briner Arch} 
which Croffing wiU be the Ctnter of the Circle to 
be drawn. 

Example. Let it be required to draw an oblique 
Circle thro the point L, fo that it may make with the 
primitive Circle an Angle of 50"^ 00^. 

Nete^ That the point L muft be fo far from the Cen- 
ter A, that the Tangent from A, and the Secant from 
l^ may interfed each other ; otherwife it is impoIOble. 

With the Tangent of 50% and one Foot in A^ ftrike 
an Arch 44; and with the Secant of 50% crofs i€ 
with the Arch bbin the Point Z ; fo IhaU Z be the 
Center of the Circle PLR required to be drawn ; 
and if R and P be diametricaOy oppofite, it is truly 
drawn, otherwife not. 

PROBLEM IV. 

To draw d great Circle thro dny two Point Sy givet^ 

within the frimitive Circle. 

Rule. Draw a Line thro the Center of the primitive 
Circle, and alfo thro one (always the remoteftj of the 
two Points ^ produce that Line till it cut the primi- 
tive Circle : crofs it at right Angles with another Line 
thro the Center; and where thislaft Line cuts the 
primitive Circle, draw a Line from that Point, and 
lltro the given Pointy which the other Ua€ pafled throv 

on 
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on this lalt Line from the Point in the primitive Cir- 
cle, ereft a Perpendicular; and where that cots the 
firft Line extended^ is a third Point : then (by 5 Pr, 
4 Lib* of Eucl.) di-aw a Circle thrd thofe three Points. 



Examplf. Let it be required to draw a great Qrde 
thro the two Points D and £. 

Thro A the Center of the primitive Circle^ and D 
one of the given Points, draw the Line BC extended 
at pleafure i and draw FK at right Angles^ and draw 
DF y and upon F ereft the Perpendicular FI, cutting 
the Line BC (extended) in I ; then thro the three 
Points D, £ and I, draw the Circle HDEI, which 
cuts the primitive Circle in Q and H diametrically 
bppofite. 

PROBLEM V. 

To dr4ip a great Circle perpendicular to^ or at 
right Angles mtb a given great Circle. 

A Generd Rule. Draw a great Circle thro the Pole 
of another great Circle, and it will be at right Angles 
with it. S^e Difin. 3. 

In 
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la this Problem are Four CASES. 

CASE I. To draw the ri^ht Circle BAD at right 
Angles with the primitive Circle BCDE* 

Draw the right Line thro the Center A, and it it 
done. 
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C A S E 2. To drav7 a right Qrcle perpendicalar 
to a right Circle. 

This is done by drawing the Diameter EC at right 
Angles to the given right Circle BAD, the Points £ 
and C being the Poles thereof. 

CASE 3. To draw an oblique Circle at right 
Angles to a right Circle given. 

Let BAD be the given right Circle ; to draw the 
obliqne Circle EFC. 

Draw the obliqne Circle thro the Poles E and C, 
and it is done. If it be required that the faid oblique 
Circle (hall make a given Angle with the primitive 
Circle, draw it, as by Cafe 2. Prok. i. thus. 

Siippofe it to make an Angle of 40% fit ofTthe half 

Jangent of 50"" (its Complement) from A to F^ and 

the 
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the half Tangent of 40^ fet from A downwards to 
4, chat Point wiO be the Pole thereof} and the Secant 
fet from F to ^^and npoo ^ as a Center^ftrike the Circle 
BFC, which (hall cot the right Circle BAD at right 
Angles, and the primitiveCirde with an Angle of 40^ i 
as was required* 

CASE 4- To draw an oblique Circle at right 
Angles to a given obliqae Circle. 

Ruie. Find the Pole of the given obliqae Circle^ 
and thro that Pole draw a Circle that may cot the 
primitive Circle diametrically oppofite ; and it is 
done. 

ExMrnfh. Let it be required to draw another ob- 
lique Circle at right Angles to the oblique Circle 
£FC, in the laft Figure. 

Draw the Diameter GH^ and draw a Circle thro 
the three Points G^ 4t^ H, and it wiU cut the Circle 
£FC at right Angles in wt Point I, 4 being the Pole 
of the Circle EFC, asaforefaid. 

Nm^ That if the Point I, in the oblique Circle 
be limited, then draw a Circle thro I, and the Bnle 
fy by Problem 3. Or if it be required that the ob^ 
lique Circle (ball be drawn^ fo as to make a ^ven 
Angle with the primitive Circle, then draw a Circle 
by Pr§k. 2. 

PROBLEM VI. 

To Uj dnj number of Degrees on My great Circle. 

la this Problem are three Cafes. 

CASE I . To lay any Degrees on the primitive 
Circle. 

Rule. This is done from a Scale of Chords, thus ; 
to lay 40"" from B, in the foQowing Figure, take 40 
from tbeScale of Chords, and fet from B to G *, and 
it is done. 

CASE 2. To lay any number of Degrees on a right 
CFrcle. / " -R»'^ 
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Rule. This is beft d^M by a Scale of half Tangetics 
let from die Center of tfee primitive Circle. 

Exitmflf. Let it be reqoii^ to lay 50 degrees from 
the Center A apon tbe right Circle BAD. Take 50 
from the Scale of half Tangents^ and &t from A to 
Fi and It is dcyne. 

This may atfo be done by a Scale of Chords, thus : 
Take 50 from the Scale of Chords, and iet from B to 
G, and lay a Ruler from C to G, and it wiU cot the 
right Qrcle BAD in Fs To is tbepornt F s^ degrees 
from the Center A* 




CASE 3. To lay any qoantity of Degrees on an 
oblique Circle. 

Rmli. Find the Pole of the gi^en obliqioe Cirde ; 
lay the xmmber of Degrees on the primiuve Orcle, 
and reduce it from that to the obliqae Circle by 
tb^|lp of its Pole. 

^Kfamfle. Let it be required to lay 5 1 degrees front 
H towards B, in the obliqae Circle BHD. 

LamRulerfromBto H, and it wiQcut the pri« 
mitiWCirdc in h ; theti from h frt 90"" of Chorda 
to c^ and lay a Riiler from B toe; and it wiQ cut 

the 
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the Diameter EC in 4; fo fiiall i be the Pole of 
the Circle BHD i or if the half Tangent of the Com- 
plement of AH be fet from A toward; E, it will fall 
upon the fame Point 4: then from C, fet 51'' (taken 
from the line of Chords) apyrards to 1^ ; then lay a 
Rnler upon 4 and d^ and it will cat the obliqoe 
Circle in ^^ fo (hall H t. contain 51 degrees, as was 
xeqaired. 

PROBLEM VII. 

To meafure any fart of d great Circle. 

This Problem is the Converie of the lalt, and has 
like wife three Cafes. 

CASE I . To meafure any part of the primitive* 
Circle. 

Rule. Take the part to i>e meafured in your Com- 
pafleS) and lay it upon the Scale of Chords, and yoa 
will fee how much : Thus, if EG be meafured upon 
the Scale of Cords, it will be found to be 50 degrees. 

C A S E 2. To meafure any part of a right Circle. 

jRule. If the part to be meafured Iteth next the 
Center of the primitive Circle, meafure it upon the 
firft part of the Line of half Tangents ; and if it lie 
next the primitive Circle, meafure it upon the latter 
part of the half Tangents from 90 downwards. Thus 
if AF be meafured upon the Line of half Tangents 
from the beginniDg or the Line, you will find it to be 
50 deg. but if BF was to be meafured, it will reach 
from 90^ to 50% fo that it will contain 40^ 

You may meafure a part of the right Circle by 
Chords in the primitive Circle, thus: Lay ^Riiler 
from E (one of the Poles of the right Circle BAD) 
and the Point F, and it will cut the primitive Circle 
in di then meafure C^ upoo the Chords, '^d you 
will find it 50% as before. 

CASE 
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CASE 3. To meafare any part of an obliqot Cir*- 
ck. 

Ride. Find the Pole of the giren obliqoe Circle, 
then lay a Roler to the Pole and to the extremity of 
the Part to be meafored, and reduce it to the primi- 
tive Circle, and fo meafure it opon the Scale of Chords, 
as before. 

ExMmpU. Let H r, in the obliqae Circle BHD, be 
xneafared. Upon (4) the Pole, and (0> the Excre- 
mity of the part to be meafured, lay a Rnler ; 
and it will cut the primitive Circle in (i); meafure 
Ci^ on the Line of Chords and you will find ic 50^ 

Again^ Suppoie the Arch eg (in the obliqae Cir* 
cle BHD) was to be meafured ^ lay a Ruler from the 
Pole (a) to OJ, and it will cut the primitive 
Circle in (d) i and lay the Ruler Uom(a)to(g), and 
it will cut the primitive Circle in (b) i then meafure 
d h upon the Line of Chords, and you will find it 80'^ 
30', which is the quantity of r ^ required. 

PROBLEM Vm. 

To meafure any Spherical Angle^ 

Iff this Problem are four Cafes; and this is 
A General Rule. A fpherical Angle is meafured by 

the Arch of a great Circle, intercepted between the 

two containingSidcs, the angular Poiot being the Pole 

of that Circle. 
Or, The diftance of the Poles of the containing 

SideS| is equal to the meafure of the contained An^ 

C A S E 1. To meafure an Angle, when the angular 
Point is the Center of the primitive Circle. 



N ' • -SWJr. 
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Rule. Sucb an Angle is meafured on the pri- 
mitive Circle by a Line of Chords. 

ExrnnfU. Let the Angle GAC be to be meafored. 

Take CG, aod mcaS^re U opon the Line of Chords 
and you wiU find it to Contain 50^* 3c/. 




C AS E 3. To mearure an Angle, when the aa- 
gular Point is at the primitive Circle. 

Rult. Find the Poles of the two containing Sides ; 
the diltancc of thofe two Poles, is the meaibre of the 
required Angle. 

Example. Let the Angle FBH be to be meafured ; if 
the diftance of A (the Pole of the primitive Circle) 
and (d), the Pole of the oblique Circle, be me^red 
upon the Scale of half Tangents, you will hod it to 
contain 38°. Or if EI he meafured opon the half 
Tangents from 90, it will contain the fame. 

Case 3. TomeafureanAngle. when the angular 
point is not in the Center of, nor at the primttive 
Circle. 

Rule. Find the two Poles of the two containing 

Sides, and reduce them to the primitive Circle ; then 

meafuic the diftance of them on the Uac of Chords. 

Extmflty 
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ExMifle, Let It be required to meafurc the Angle 
BFH; Lay a Raler from the angular Poiac F, and {4) 
the Pole of theobliqae Circle Bl^lDj and it will cot 
the t>rlmitive Circle in (hji the diftance of G (the 
Pole of the right Circle) and (h) roeafured upon the 
Scale of Chords^ you will find to be 64% the meafure 
of the Angle required. 

CA SE ^ To meafure an Angle, when both the 
containing Sides are Circles. 

Let the Angle LOD be meaAired. 

Lay a Ruler from the angular Point d, and the two 
Poles of the oblique Circles (m) and (c), and it will 
cut the primitive Cirrte in the Points J^ and/ : then 
meafure the diftance of dg upon the Line ofChords, 
and you will find it 35 degrees, which is the meafurc 
of the Angle LOD required. 

PROBLEM IX. 

To draw a Pardllel Circle. 

Definition. A Parallel, or lefler Circle, cuttctfi the 
Sphere into two unequal i^arts^ and lieth pafalkl to 
a great Circle* 

In this Problem are three Csfei* 

CASE t. To draw a Circle patalkltd the pri- 
mitive Circle* 

Rule. With the half tiingent of its diftance from 
the Pole^ and one foot in .the Center off the primitive 
Circle, draw a Circle* 

Exsmfle^ Let it be required to draw a Circle pa- 
rallel to BCDEi and 66"" iol diftant from the Pole^ or 
Center A. 

|q I With 
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With the half Tangeat of 6^ ao' ftrikc tbe Gir- 

dc GHIK. 




CASE 2. To draw a Parallel toa right 

Rule. From the Chords, lay the Parallel's diftanoci 
from the right Circle^ or the Complement thereof 
from the Pole of the right Circle ) fet alfo the difonoe 
from the Center of the primiti?e Circle hj^ half Tan* 
gents i then with the Taogent Gomp. of its diftanoe 
from the right Circle, draw the Parallel thro thole 
three Points. 

Exsmplt. Let it be, required to draw a ParaOel to 
the right Circle BAG at 30 deg. diftance. 

Take tfo"" oat of tbe Line of Chords, and (et it botb 
ways from B to L, and M, and fet the half Tangent 
of 30^ from A to N i then take tbe Tangent of tfo^ 
and fet from K, upon the Diameter DB extended^ 
a 3d where the Compafs-point faUs^ is the Center: lb 
with tbe Compafles at that Extent, and upon that 
Center, draw the Circle LNM, which is the Parallel 
required. 

CjisS 
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CASE 3» To draw a Circle parallel to an obliqae 
Qrcle. 

Rmli. From the half Tangents lay the Parallers 
diftao^ from the Pole of the obliqae Circle both ways, 
and dote thofe two Marks, whole dillaoce is the Dia- 
metct of the parallel Circle ^ theo fiod the middle be* 
tweefl thofe two Marks, and that ihaO be the Center. 

Example. Let it be required to draw a Parallel to 
the obliqae Circle fiOD, at 25 deg. diftance from it. 

Find the Pole of the oMiqoe Circle (4), and mea* 
fore its diftance by half Tangents from A the Center 
of the primitive Circle, which foppofe to be 45^ ; thea 
add and fubtrad 45 to and from 6f ftbe CompL of 
the diftance) and the Sam is no, and the Difference 
20: then from the half Tangents fet no from A, 
Upon the Diameter EC extended, which will reach to 
(b) (a little beyond C and fet 20'' from A to ^ , the 
middle between b and p is at r, which is the Center 1 
then with one Foot in r, arnd the other extended top, 
draw the Parallel <lp R^ which will be the Parallel 
feqdired* 

I (haH ne)tt projed the feveral Triangles, from 
what is given, and refoWe aO the feveral Cafes 
both in right and oblique angled fpherical Tri- 
angles. And firft, of right angled fpherical Tri- 
gn^es. 

CASES I) ?, J, 

$!hm is given the HfothenMfe AC 46'' Ji', gni 
cne cjthe oblique AngUsy fupfofi A 40° 00'.; 
mth thefi to make d Re^aftgle Jfhemd TrUngle^ 
0nd to fnd the other Fdffu 

i. To make the Triangle fo, that the given Angle 
6AC maybeatttieprtmicire Circle'; Center. 

N 3f ' Having 
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Having drawn, the 
primitive Circle, and 
crofsM it with the 
Diameter, ^ake aa 
Angle of 40** 00' at 
t^e Center ^ j and 
|j> fet the half Tangent 
of 46^ 31^, from A to 
C, and thto the point 
C ) and at right An- 
gles to AB drfw the 
oblique Circfc. 

1. To make the Triangle fo, that the given Angle 
may be at the primitive Circle. 

^ After tjhe primi'^ 
tlvjs Circle is drawn 
and quartered, draw 
the obllqae Circle 
(by Prob* 2. Cdfi 2.) 

to make the Angle 
BAC 40^ : and (hj 

Prof;. 9, Cafe 2.) at 

4<^3i'*diftancefrom 
A, draw a Parallel to 
cut the oblique Cir- 
cle in C*, and thro C, 
and the Center of the 
primitive Circle draw BD^ to cot ABinB, at righ| 
i^ngles. 

To m^afore the things rieqaired. 
The Sides AB, and BC, arc nleafared, by Proi. 6. 
^bns» 

In Bg. t.h^firft, AB is gieafured W half Tangents, 
and BC is meafufd by laying a Ruler tipon %he Pole 
of the oblique Circle (a) and the point C, and it 
jfl^ill cup the priipitive Circle in b : then meafure p b 
PPon'tbe Swle of Chprds, and you will find it zy^'^^'t 

iff 
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In Fig* 2. if BC be meafored opon tb^ faalf Taa- 
gents from 90 downwards, you wijl find it 27"* 48' j 
and AB meafared npoQ the line of Cbords, yoa will 

find 38*" S<J'. 

The Angle C is meafared by Prob. 8. thus. 

Lay a Ruler upon the Pole of the oblique Circle (4), 
and upon C the angular Point, and it will cut the 
primitive Circle in (#) j the c;ttent from (0 to ^ mea- 
lured upon the Scale of Chords will be 6d' go\ the 
qnaotity of the Angle C. 



T^ 



CASES 4, 5, 6. 

There is given the Hjfothenufe A C, *nd one of the 
Sides, fuffofe BC : with theft to mike a right- 
sidled Trianghf tnd to find the other Parts, 




i. Having drawn the primitttre Grcle, and qjwr- 
tered it, by Pr»b. 9> draw a Circle parallel to the 
primitive, at the diftaoce of AC 45° 31' from the 
Pole A) that is, with the half Tangent of 4f 3^\ 
with one Foot on A, deftribe the Circle. Again, b^ 

>4 4 M» 
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Preh. 9. draw a Circle parallel to EF, at tbe diftaooe 
of BC 27° 48^, which cots the other Parallel in C 
Thea by cJ/i 3. of Prob.$. draw the great Circle at 
right Angles to AB, and thro the Point C, and it is 
done. 

a. To make tbe Triangle, that one of the obliqae 
Angles may be at the primitive Circle. 

Draw a Circle parallel to the right Circle EF (by 
Prob. 9 J and at the diftancc of 46° 31' from Aj thea 
(by the fame Problem) draw a Circle parallel to the 
primitive^ at the diftaoce of BC from it, which wiH 
cot the other in C. Then thro the three Points A^ 
C and D, draw the obliqae Circle ^ and laftly, draw 
tbe right Circle EC, thro the po|nt C, and thro the 
Center of the primitive Circle. 




To meafore the things required. 

Tbe Side AB in Fig. %. is meafared by half Tan- 
gentst as in the lal| ; and in the ftcond Figure^ is 
meafured by Chords, Pr0h. 7. 
. The meafure of the Angle BAC, F!g. i. is FG mea- 
fared upon, the Chords; and the meafure of BAC* 
^4.2. is £G| aad is meafared npoa half Tangenti 
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from 90 downwards ; and the Angk C is meafured 
by Pr^. 8. See the laft. 

So the meafure of the Side AB wiU be ibond 38"" ^6^, 
the Aogle A 40"" o</, aad the Angle C 60"" oo'. 



CASES 7,8,9. 

There i$ given the Side BC^ snd thf ^fqjste AngU 
A\ to mdke 4 right angled ffheried Trisnglt^ 
dad to find the other Piurts. 

I. Make the Angle A 40^ (by trth. 2.) by fetting 
the Chord of 40 trom F to H, and draw IH thrS 
the Center A \ then draw the Circle GK paraDel 
to £F) at the diftance of BC 2/ 48', which wiU 
cot HI inC*, then thro the three Points LCD, draif 
the obliqae Cirde. 




%. To make the Trian^k^ that one of the oblique 
Angles may be a^ the prunitive Circle. 



•" < ' 
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Dravf the obliqae Circle ACD, making an Angle 

at ttie primitive Cir* 
cle A of 40* ("by Pr^, 
3 Cf/r 2.) Then draw 
a Circle parallel to the 
primitive Circle at 
X'f 48^ diftance from 
it \ that is I with 
the half Tangent of 
6%^ 1 1' upon the Cen- 
ter of the primitive 
Circle, draw the pa- 
raUelf to cot the ob- 
liqae Circle in C} 
then thro C, and the 
Center,dra w the right 
Circle EB» 
To meafare what's required. 
The Hypothennfe AC, and Side BA, are meafored 
by Froh. 7- 

InFi;. !• they are both meafared by half Tangents; 
and in Pig* 2. AB is meafarq^ upon the Scale of Chords; 
and AC is meaforM by redacjng it to the primitive 
Circle, thus« Lay a Roler upon 4, the Pole of the 
cbliqoe Circle, and upon the Point C, and it wiU cot 
the primitive Circle in h\ then kb^ meafored opoo 
the Chords, will be fband ^f i^' i The Angle C is 
meafored as before direded^ See froh. 8. 




CASES 10, If, 12. 

There is given the Side ABy wdthe sdjdcent Angle 
A ; to make the right angled ffheric^l T^fMgle^ 
and to find the other Farts. 

1 . To make the Triangle, that the Angle A may 
be at the Qcater of th$ primitive Circle 

H»Yil|5 
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Haviog defcribed the primitive Circle, and qrar- 
terM it as before i make the Angle A 49 ocf {bj 

From the Scale 
of half Tangents 
take 38° 56', and 
fet from the Cen- 
ter A to B, and 
throB (by?r«^« 

5. C4/i3«) draw 
^ oUiqoeCir* 
cle 9t fight An- 
gles to ABf which 
wiQ cat the right 
Circle AC in C 

t. To draw the Triangle ABC, fo that the Angle 
A may be at the priniitive Circle. 
' Draw the ob- 
JiqueOrde ACD, 
to make ' ao An« 
gle with the pri- 
mitive Circle at 
A of 40° i then 
from the line Qf 
l^bords, let ^^ 
'56', from A to 
B; and by the 
Point B,and Cen- 
ter of the pri- 
mitive Circle , 

draw the right , - . * ..^ u i. 

prde, CTtting AB at right Angles in B j and it i« 

Tpmeaforewhatisreqnired. 
The Side BC is ineafored by half Tangents, w be- 
fore direded •, the Hypotbenofe AC »• n«««l»';~^*'J 
r^docing it to the priinitiyf C rcle, tjws. Uy a 
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Roler Co the Pole of the obliqae Circle a, and to the 
point C, and it will cut the primitive Circle in ^j 
jneafare A h upon the Line of Chords^ and ycta wiB 
find it 46^ 3 1^ and lb mocli is the Hypothenofe AG. 
The Angle C is meafored as before, that is, lay t 
Rukr npon the angular point C, and upon 4 the 
Pok of the obliqae Circle, and it will cot the primU 
live Circle in # : then meafore E g open Jhe Line of 
Chords, and yoa wiU find it 6o\ 



^MlMMl 



rr 



CASES 13,14. 

fhe tWQ Sides JB *»i K being given* to mike the 
right Mglei ffheried TriMgle^ mA to find the 
other Ttrtt, 

• « 

I. Having drawn the primitive Qrcle and qoar? 
terM it, take 3^^ 5^' from the Scale of half Taut 
gents, and fet from JS^toh^ and thro B draw the 
oUiqoe Cirde at right Aogles to AB } then draw e 
Circle paraffel t6 DE,^ at the diftance of BC if 
48^ : then thro the Poii^ C and the C0Qt$r A* drawr 
(be right arcje AC. ^ 




1 •♦ 



^1^ 
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2. To draw the Triangle ABC, fo that the Angle 
A nay be at the primitWe Circle. 

With the half Taogent of 6x* ii' (theComp. of 
BC) draw theParaDelv then take. the. Chord pt 38* 
56', and fet it from A to B, and draw the right 
Orcle from the Point B, and thro the Center, to the 
Parallel in C) then thro C draw the oblique Grcle 
ACD. 




To meafare the thines reaolred.' 
TheHypothennre AC is meaiared by half Tangents 
in Iv^. t. and in Fig. 1. AC is meafared by redocing 
of it to the prtmitiTe Circle, by laying a Raler opon 
a, the Pole or the obliqae Circle, and to the Point C, 
and it win cat the primitive Circle in ^ ; meafare A k 
opon the Line of Chords, and yoa win find it 46* 31' t 
The Angle ACB is meafared by redodog it to the 
primitiTe Qrcle, as before dtre^ed. 



/ 



CASES 
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CASES 15^ 16. 

J%e two Angles J snd C being givepfy to make the 
fight sngled ffhericd TriMgle^ Md to find the 
^er P^rts. 

HaTing drawn the primitire Circle, and qnarter^il 
it| draw the obliqae Circle ABD, to make an Angle 
with the primiUT^ Circle at A of 49'' oo^ 



/ A 





Then thro the Pole of the (aid obliqae Circle i^ 
draw another oblique Circle,, to make an Angle whh 
the primitive Circle at C, of 60"" oo'. Thas, with 
the Tangent of tfo% one Foot in the Center of the 
primitive Circle, with the other Foot Strike an Arcb^ 
as at c i and with a Secant of 6o\ and one Foot in a^ 
crofs the laid Arch, and where that croffing is, fliaH 
l)e the Center of the obliqoe Circle C B 4 ; which ob« 
liqae Circle wiD cat the other obliqoe Circle at right 
Angles in B, (by D$pmt. 3* Chsf^ 6.) ind wUl cnt the 

prifflithre 
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inrimitiTe Circle with an Aagle of 60 Degrees^ by 

FrMem 3* 

To meafare tbe things required. 

The Hypotheoafe AC is meafured upon the Cbbrds ; 
the other Sides are meafured by reducing them to the 
primitive Circle, thus. Lay a Ruler upon b^ the Pole 
6f tbe Circle C B 4, and upon B, and it win cut the 
primitive Circle in d : meafure C d upon the Chords, 
and it will be found 27^48^, the meafure of the Side 
BC } and a Ruler laid upon 4 and B, will cut the 
primitive Circle in i : neafure A # upon the Line of 
Chords, and you wiQ find it^ 38^ %6\ the meafure of 
the Side AB required. 

Thus have we refolved all the Cafes of right angled 
fpherical Triangles i and next, 

Of Oblique Angled Spherical Triangles. 

CASES h ^j 6. 

There are give f$ two Sides ^ 4nd an Jfigle cffofite M 
one of them \ to find tbe refi. 

Let BD 42'' 09^ CD 24"^ 04^ and the Angle B 36* 
q8', be given, to projeft tbe Triangle BCD. 




Nm\ 
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JV#r#, The Angle oppofite to the other ghrea Side^ 
dogbt to be forekoowa, whether acate or obtofc ^ 
otberwife two ieveral Triangles may be made from 
what is given. 

On the primitive Circle make BD ^the given Side 
joining to the given Angle^ eqnal to 42^ 09' ; tbea 
<by Prcb* 2. Cdfe 2.) draw the obliqoe Circle ACBi» 
Slaking an An^e with the primitive Circle at B, of 
36^ 8^ (eqnal to the Angle given). Draw the Ptt* 
f allel BCF^ to cat off CD, eqnal to 24"" 04^ Laftly, 
draw the oblique GCD, thro the two Points C and 
p, and it is done. 

If this laft obliqoe Circle had been drawn thro tbe 
•tber Point, where the RiraDel cqts tbe diliqne 
Circle ACB, then the Angle C woold have been acntti 
^whereas now it is obtnfe. 

To meafare the things required. 

The Side is found by Prck 6. and the Angles by 
froh.7. as is fully explained in tbe Cafes foregoing; 
the Side 30"" 00', the Angle CDB 46^ 18', and the 
Angle BCD 104^ 00^, or i(i^oo\ according to what 
it is, whether obtnfe oracnte*. 



CASES 2, 8. 

J%ert sreghen two Angles^ tnd 4 Sidtfiffofitt to one 

of them y to find the refi» ' 

Let the Angle B 36*08', and the Aogle D 45* 18', 
and tbe Side BC 30" 00', be giveo, to proiea the 
Tmnglc BDC. 

Draw 



1 
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Draw the oblique Circle ACB, to make an Angle 
with the primitive Circle at Br of y^ 08^ \ then at the 
diftance of BC 30'' 00' draw the Parallel ECF, to 
cbC the obUque Circk to C ^ t^eo thro the Poiat C 
'draw the oblique Circle CCDi to make an Angle of 
46^18'atD, byPrit 3. 




To meafiire the things required^ 

Find the Angle BCD .(by Fr9b. 8.) thus : Lay a 
Roler npon the Angle C, and upon a the Pole of 
DCQ Cone of the Legs,) and it will cut the primitive 
Circle in c \ alfo lay it upon C^ and upon b^ (the 
Pole of the other Leg) and it will cut the primitive' 
Circle in d^ then meafure cd upon the Scale of 
Chords, and you will find it 76 degr. whofc Comp- 
to 180 is 104% the Angle required. 

The Side CD is meafared (by Pr^. 7.) by reduc- 
ing of it to the primitive Circle, and meafuring it 
upon the Chords, and will be found 24^04 • 

The Side BD is meafured open the Chords, and 
•will be found to be 42'' 09'. 

O CASES 
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C A S E S }, 9. 

There are given twoSUes^ sni dm Angle imluded ; . 

to find the refi. 

Let the Side BC 30* 00'^ and the Side BD 4^* op't 
and the incloded Angle B 3^ 08', be given, to make 
the Triangle BCD. 




Make the Angle DBC eqnal to 36^ 08', by drawing 
the oblique Circle ADB; then make BC 30"" 00^, 
and BD make 42^ op^ by drawing the Parallel 
£DF i then thro C, D« and G, draw the oblique 
Circle. 

To meafure the things required. 

To meafure the Angle D > lay a Ruler upon D 
and 4, and it will cut the primitive Circle in ^ ^ and 
lay it upon D and b^ and it will cut the primitive 
Circle in c^ meafure ^{c upon the Chords, and you 
will find it aC"" iV : If I be mcafured upon the 

half 
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half Tangents, yon will find it 14*^00^, and fo much 
is the Angle BCD above 90?, vIk. 104® 00'. If a 
Roler be laid upon k and D, it will cnt the primitive 
Circle in # ; then meafure C g upon the Chords, and 
yoa will fii^d it 1^^ 04^ which is th^ meafure of DC. 



«ta 



CASES 4, 7, 10* 

There sre given twoAn^les^ Mi the interjacent Side ; 

to pnd the refi. 

Let the Angle B 36"" oS\ the Angle C 104'' oo\ 
and the Side BC 30"" oc^, be given, to make the Tri« 
angle BCD. 




Make the Angle B equal to 36° 08'', by drawing 
the oblique Circle ADB; and make the Angle C 
104% by drawing the oblique Circle GDC, the Side 
BC being firft fet off from the Chords. 



O 2 



To 
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To meafure the things required. 

The Angle D and the Side DC are meafared as ia 
the laft, and the Side BD is meafured by laying ^ 
Ruler to the pole of the obliqoe Circle 4, and upoa 
the Point D, which will cot the primitive Circle 
in c i then meafure B c upon the Line of Chords, 
dnd you will SikI it 42^ 09^ i and To qiuch is the Side 
BD. 



CASE II. 

The three Sides given ^ to fnJi the Angles. 

Let the Side BD 42"^ 09', BC 30*^ 00', and CD 
24^ 04^ be given, to make the Triangle. 

On the primitive Circle maKe BD 42^ 09^ the 
greater Side, th^n at the diftance of BC 30^00' draw 
a Parallel, and at the di^ance of CD 24^ 04^ draw 
another Parallel, and thro the Point of Interfedion 
draw the two oblique Circles \ and it is4one. 




If 
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If the Great Circle 4 it be drawn thro the two Poles 
of the obiiqae Circles, and Lines be drawn from the 
laid Poles to the Center or Pole of the primitive 
Circle, thefe three will conltitate the Triangle she 
whole Sides are equal to the Angles of the other Tri- 
angle BCD, and contrariwife the Angles of a he are 
eqnal to the Sides of BCD, only the greater Angle in 
the one. Is equal to the Complement of the greater 
Side in the otlier to 180 degrees j that is, the Side 
he is cqaal to the Angle CBD, and the Side 4 c to 
the Angle CDfi, and the Side 4& is equal to the 
Complement of the Angle BCD. 



CASE t2. 
The three Angles being given^ to fnd the Sides. 

This Cafe is the fame as the lafl: ia tSt(k\ tor it 
is but chauging the Angles into Side^, as is above 
fliewed, (and as it is demonftrated Chdf. 6. Def. 6.) 
and making a Triangle of tbofe Sides, as in the lalt 
Cafe } and it is done. 

Thus have I (hewn how to refoWe all Cafes of fpbe- 
rical Triangles, both right and oblique-angled, by Pro* 
}edioa. 



O 3 AN 
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CHAP. I. 

The Refolution of all the Cafes of Tlain 
TrtangleSy both right and oblique^ 
angled^ by Islatural Arithmetick. 

And frfiy (jf right-angled Triangles^ 

T H E R U L E. 

I. ^ L WAYS divide 172 (with acom- 

/% petent Number of Cyphers annexed) 

/ ^ by the Degrees and Decimalparts of 

_.Y _,W . a Degree contained in the Icfler acute 

Angle, 

2. From the Square of this Qootient always fub^ 
trad 3, and out of the I^emaind^r extrafi: the fqaare 
Roet. 

3. Snbtrad this fquare Root from the double of 
the Quotient, f of tb? f^emaiodcr 1)|40 b? the {iypo* 

thCRUfCt 

4f Sabr 
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4« Sobtrad the doable of the Hvpothenafe from 
the faid Qaotient) the Remainder Ibafl be the greater 
of the Sules } the lefler Side being always aflumed 
i.ooo, &€• 

From there aflumed Sides we may eaGly find the 
troe Sides, by the Rule of Three. 



CASE L 

!• the Tridf^U ABCy right^Mgled sf A^ there dre 
gpvem the Hjfothenufe BCy dnd the scute Affgles^ 
B MedC; to pnd the Bafe ACy affd PerfeHdi- 
cuImt AB. 




JTJ'ZZ 



From the dooble QjoticntCiii? 10.192 

the fMewing Page) ^ 

Sabtraft the fquare Root. 4-79^ 

Remains 3)5400 



I of the Remainder is the Hypoth. 
The Hypotb. doubled is 
Which uibtr. from the Q?o<« 



1 .803 

3.6o9 
5.095 

1.495 



The Remainder is AC 
And the Side AB isfappofed i. 
By thefe three afliimed Sides, the true Sides may. be 
foond (by Lib, 6. Pr. 4. of EutUd) by the Rale of 
Three; Mas; 

4 «-8 



n 7 
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>oo flam Tri^immftry^ Appenck 

1.8 : 146 :: i.oo : 81.1 AB 
1.8 ; 146 : : i.49tf : 121,33 AC. 
That is^ as the alTumed Hypocbenufe i*8, is to 
the true one 146 ^ fo is the aflamed Perpeodicttlar i.oo, 
to the trac ooc 8i.i, &c. 

m 

33*7S) ' 7^.00000(5.095 

j^ ' - > ^^ 2 ^ 

/>z 00 y^jtr 3.2500* 

/ /■ 3 > -^ ■ ' lO.ipi Q.doablcd 

''^ / / ..- i\ 21250 r- 

■' j^'l'J'A(> 1000 

'^ 5.096 

5.095 



* 



30575 
45854 
^5480 

mt I ■■ 

35.959215 

3 Subtraft 
21.959215(4.792 

15 



«PiVi 



87) 595 

6C9 

949) 8792 
8541 



9582)25115 
19154 



■^ 



555* 
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C A S £ II. , 

Tire Aj^U 4t the Bsfe^ d»i Perff»dkuldr ^en :• 
to fnd the Bdfe MiU HjfotbenMfe. 

33.75) 1 72.00000 (5.09^ 
The Work of this Cafe is in aU refpeds tlie fiime 
ts in Cafe i. 



C A S £ III. 

The Hjfothenufe dnd TerfendUuUr givii$^ to ^ni 

the Bdfe 4ml Angles. 

From the Square of the Hypo- > ^ ^ - ^ Lib. i. 

thcnufc S ^'3t« lpr.47-of 

Stibtraft the Sqnre of the Per- 7 ^^^^ , . VEmlii^ 

pendicular^ 5 *577.2i > 

There remains r473S*79<'< 

The Square Root of 14738*79 » i2i4i the Safe. 

To fiad the Aagles« 
To the Hypothenafe add half the Bafe, or greaier 
Side I then it wiD be. As that Sum is to the lefler 
Side, fo is 86 to the leOer Angle. 

To 146 HypotheQufe 
Add 60.7 half Bafc 

Sum 2otf.7 

Then aotf.7 : 81.1 : : 8tf : 33.75° 
The Conpl. of 33.75 >' S^*2S% ^be greater Angle. 

C A S B 
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CASE IV. 

Tbi Bt/i mA PerptudfculMr Being given, to finl 
the Hffo$he»ufe Mi Aisles, 

Tbe Square of the Bafe 14738.79^67 £m/.L(^. i. 
The Squire of the Parpen. tfy77.»iC Pr0f.^7, 



mm 



Tbe Sam 2131^.00 

Tbe Ibaare Root of tbe Sam is i^^ tbe Hypotb. 
Find tbe Angles as in tbe laft Cafe i tbas : 

To 146 tbe Hypotbenaft 
Add tfo.7 half tbe Bafe 

206.7 

Then, 206.7: Si.i :: 8tf: 33.75 deg. or 33* 4S^» 
Wbofe Complement is 56® 1 5'. 

Tbns aB tbe Caies in right-angled Plain Triangles 
are eafily and readily folved j and by the fame Rales, 
and with tbe like eafe and fiidlity, may Qbliqae«aog|ed 
Plain Triangles be folved, as I (hall make appear in 
the following Cafes* 



9. The 
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X. TTje ^I^efolutlon of aUthe Cafes of ohlique* 
angled i*lm Triangles hy natural Arithmef 
tick: 

CASE t 

TtPO Angles^ Mi £ Side oppofite to one of them, ieiieg 
given ; to find the other two Sides. 

r 

tec the Angle A 5>*'4<$^ and the Angle B 2tf* 
^9\ and the Side AC 141 be given} to Bod AB«nd CB. 




D 308 



Firft, we moft reduce the giTen obliqoe'angled 
Trian^e ABC into two right-angled ones, by let- 
ting fell the Perpendicalar CD. 

And firft, in the right-angled Triangle ACD, we 




J«. 
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38.23;) 172 
3.82 17.2 

J4-40*S4.8o(+4987 



171^0 8.P974 
33960 

4.4987 aw 10 
78944 2382 



Mpv 



17PP5 20.238 

1799 3* Sq. Root 

405 

36 17.238 (4.1 Sip 



20.238 Q; fq. 



t'roin the double Qoot. 8.9974 
Sabtr. the SqurS Root 4*isi9 

Remaias 3)4-8455 

4 is the Hypptb. AC 1.6151 

The double of AC 3.2302 

Which fub. from tfae Qaot. 4^987 

Remains the Perpend* CD 1 .268 5 

The Bafe AD being i. 
Then, ^ 

1.6151 : 141 :: I : 87.3 . 
1.6151 : 141 :: 1.2685 : 110.74 



Then 
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Then in the other Triangle CBD, 
Divide 172 by the Angle B 26.65 
26.65 ) 172.00 ( 6.454 

- ■ 2 



205 



12100 



14400 12908 

10750 ■" 



6.454 
6,454 



90 






25816 

32270 
^ 25816 

38724 

41.654116 

3 Sub. 

38.654116(6.217 

122) 265 

1241)2141 

I 2427) 900 1 tf 

3027 



Fromdonble Qaot 
Sob. the fqaare Root 

Remains 



<,/ 



/ 7 



■/t. 






I 2.908 
6.217 

3)6.691 



i of tbe Remainder is the > ^ ^ ^ 

Hypoth.CB S ^^ 

The Hypotb. doabled 4*460 

Which Sob. from the Qaot. 6.454 



V 



Remains tbe Side DB 



1.994 

TbcB 



%<i6 



Tiaitt Tri^cnometrj^f Append* 



Then, t : 110.74 ' '- 2*^3 : 2479 aQ<l 
1 : 110.74 :: 1.994 : 220.8 



Anr«r. 



The S^ment of the Safe AD is 87.3 7 ^..o 
IThe Segment DB is 220.8 S ^ 

|The Perpendicalar CD is 11 0.74 

The Side CB is 247. 



C A S E |L 

Tpw Sides, with m Af^le offofite to cfie eftbeMt^ 
ieiu^ giveit ; to fittd the refi. 




Let there be given the Sides AC »4«> «nd CB 
247, and the Angle B 26** 39'. 
Firft, In the Triangle CBD, 

26.65)172.00(^.414 
Qpot. fqnared 41.6541 16 
Sobtrad 3 

Remains i^.6$^ii6(6.iii) 



From the double Qpot. 
Subtraft the fquare Root 

Remains 



1 2*908 
tf.217 

6.691 
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f oftbeRem.istheHypotbXB. 2.230 
The Hypotb« doabled 4.4^0 

Which uibtr. from the Qpot tf.454 

Remains the Side DB 1.994 



Then to find the traeSti 
2«23 : 247 : : I : 1 10.74 = the Perpend. CD* 
2*23 : 247 : : i .994 : 220.8 = the Baft DB. 

ul74=cS|Addandftbtraa. 

Som 251.74 
Diff. 3o>26 

— — f^. Ewtlu^ Ub, 3. fr. $6. 

151044 

50348 

755" 



7^17.6514(87.3 Sq. Root = AD. 

To find the Angles, and firft in the Triaagle CBD. 
To 147 the Hypotheoofe CB, 
Add 1 10.4 half the Safe DB 

357.4 : 1 10.74 (CD) : : 86 : z6^% degrcet; 

the Ang^e B, which is 26° 3 9', whofe Complement is 

63° 21', the Angle DCB. 
To 141 the Hypotbennfe AG, 
Add 55.37 half the Perpcndicolar CD. 

196.37 : 87.3 CAD) :: 86 : 38-233 dfegrcti» 
that is 38" 14', the Angle ACD, whofe Complemeift 
is 51* 46'= CAD. 



QASl 




t 
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C A S K HL 

Two Sides, with the Angle eomfreheuded ly them, 
being given j to find the refi» 

Let the Sides AB 

3o8,andACi4»,and 
th€ Angk A 51' 46' 
begweo. 

In the Triangle 

j) g08 :^^BACD, the Cpmple- 

menc of tfae given An- 
gle A if s«° 14', «hc Angle ACD j bjr whicb divide 
172. 

38.23) t7ioo (4.4987 

From the Sq. of the Qaot. 20.238; 

Sabtrad 3 « 

» 

Remains 
Whoft fq. Root h 

From the doable Q, ^.991^ 
Sub. the fq. Root 4.' 519 

Remains 4.84^5 

t of the Rem. is Hyp. i .tf 1 5 1 
Which doubled is 3.2302 

Which fub. from theQ. 4.4987 

Remains CD 1.2685 

Then, 1.6151 : 141 :: 1:87.3, thcScgm.AD. 
And, 1.6151:141:: i.268y: 1 10.74, tbePer- 
pegd. CD. 

* 

Thefl, 
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Then, in the Triao^le CBD, 
From AB 308 To the Sqa. of DB 48708.49 
Sabtr. AD 87.3 Add the Sqa. of CD 12253. 347^ 

Rem. DB 220.7 The Suin <?097i.837tf 

Wbofc fqnare Root 247 isCB; 
Tbea, to find the Angles, 
To 247 CB 
Add 1 10.4, half DB. 

357.4 : 110.74 rCD) :: 8d : 25.55 degrees, 
the Angle B, whkh is 2^ 39', whofe Compleneat 
is 63^" i\' the Angle DCBj then if DC» 53* 21' be 
added to ACO 38° 14', tt>e Sum will be lot" ss'i the 
obtofe Angle AG6. 



*0 



CASE IV. 
The Tbrte Sides being given, uftfi the Awglesi 

U7 
141 

Sum 388 

Diff 106 




JJ 308 



As the Bafc 308, to the Sam of the Sides 388 ; 
10 is the Difference of the Sides lotf, to the Difference 
w the Segments of the Bafe EB 133.53 j which fub- 
traaed from the whole Bafe 308, the Remainder is 
y^f^2\^^ half whereof is 87.23 AD. And if tb« 
ftid half be added to EB 13 3. 53 the Difierente, the 
otm Will be 220.75 the other Segment DB. 



Thca 



110 of finding the Mta 

Then in the Triangle CBD, 
To 247 CB 
Add 110.38 half DB. 



Append. 



3«7.38 : 110.74 CCD; :: 86 : ^6.6% degrees, 
the Angle B, that is r^ 39', whofe Complement 
63° 21' is DCS. , 
To 141 AC 
Add SS-37 half CD. 

"ZsZi : 87.23 (AD) :: 85 : 38.233 degrees, 
that is 38^14', the Angle ACD, whofe Complement 
is si°4<S' the Angle CAD. .j j .„„- 

If DCB<S3° M^nd ACD 38° 14' be added togc- 
ther, the Sam is 101° 3S'> ^hc whole Angle ACB. 



CHAP. IL 

to jini the Jre* of Any ?Uin TrUttgle, by bsving 
eettsin Sides and Angles gtven, 

1. of Right-iOtgUd Triangles* 

CASE I. 

The tm acute Angles and the Bafe given j tofnd 

the Area. 




In the right-angled 
Triangle ABC, let 
there be given the Angle 
B 38' 08', and the Angle 
C5i° J 2', and the Bafe 
AB i to find the Area. 

THE 
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THE RULE. 

To the doable Logarithm of the Bafe, aJd the 
Log. Sine of the Angle at theBifei and from the 
Sam fabtradl the Log. Sine of the other acnte Angle, 
the Remainder is the Logarithm of the double Area. 

Log. of 199 2.298853 

The fame agai^ 2.198853 

The Sine of 3 8** 8'' 9.79063 1 



tl^^tmm^mm 



Som 1 4.388338 

The Sine of 51** 5 x' 9.S95741 

The Log. of 31088 4.492597 



■•»" 



The half 1 5544 is the Arcj. 

• 

Demonftrathff. As the Sine of the Angle C, is to 
the Bafe ^ fo is the Sine of the Angle B, to the Per- 
pendicular. Here we mod add the Logarithm of the 
Bafe, and Sine of the Angle at the Bafe B9 and from 
the Sam fubtrad the Angle at the Perpendicular C, 
the Remainder is the Log. of tbe.Perpendicular ; to 
which if we add the Log. of the Bafe, we (hall have 
the Log. of the doable Area : fo that it is plain, 
here is the Sine of the Angle at the Bafe B, and 
twice the Log. of the Bafe to be added, and the Sine 
of the Angle C to be fubtra died. Which was, (^c. 

But we may find the Perpendicular othcrwifc, 
thus: As Radios, to the Bafe ^ fo is the Tangent of 
the Angle at the Bafe, to the Perpendicular; and if 
to this Log. of the Perpendicular be added the Log. 
of the Bafe, the Sum is the Log. of the double Area i 
which affords us another Role for finding, the Area, 
by having the Bife and acute Angles, viz,. To the 
doable Log. of the Bife, add the Tangent of the 

P 2 Angle 



1 1 1 of finding the Area Append. 

Angle at th« Bafe, the Sum, abating Radius, is tbe 
Log. of the doable Area. 

The Log. of the BaCs 199 ^.^9885 

The fame again ^'i^^?^ 

The Tangent of B 38" 08' 9.89489 

The Log. 31088 ±^l^^^ 

The half is 1 5 544 the Area, the fame 
as before. 



CASE ir. 

rbe Hipothetfufe and acute Angles are given ; W 
•"^ fnd the Area. 

THE RULE. 
To the double Logarithm of «*»« Hypotbennl^idd 
the S°aes of the acut? Angles -, the Sao, abating d««Ue 
RaHiiM is the Logarithm of the doable Area. 
^^nThe former Triangk ABC, kt the Hypoth«afe 
253, the AnglcB 38°o8» and tbe Angle C 51° 5» 
be given *, to find the Area. 

The Log. of the Hypotb. 253 *-4«3 • 1 

The fame again ^-jos • ^ 

The Sine 838" 08' J.79063 

The Sine C 515* ^ ^'^^^^ 

TheLog.of3io8» ^^9^6t 

the fame as before. 

Venrn^ation. As Radius to ^^H/I^^^.^^^^fiJ! 
is the Sine of the Angle at the Bafe to the Terpen 

dicular. A ad 
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Aad as Radios, to the Hypotbenufe ; (6 is the Sine 
of the Angle at the Perpendicolari to the Bafe. 

If theie two Proportions be compounded, there 
wiQ be twice the Log. of the Hypotbenufe, and the 
Sines of the acute Angles to be added, and two Ra« 
dios's to be fubcraded : Which was, &c. 



CASE IIL 

The Bdfe Md Hjfothenufe^ And Angle at the Bafe^ 

given ; to find the Area, 

THE RULE, 

Add the Logarithm of the Hypotbenufe, the Lo- 
garithos of the Bafe, and Sine of the Angle at the 
Bafe i and the Sam, abating Radius, is the Logarithm 
of the double Area. 

lo the former Triangle ABC, there is given the 
Hypotbenufe BC 253, the Bafe AB 199, and the 
Angle B sS^'oS'i to fiod the Area. 

The Log. of the Hypoth. 253 2.40312 
The Log. of the Bafe 199 2.29885 

The Sine of the Angle B sS'^oS 9.79063 

The Log. of 31088 4,49250 

the fame as before. 

Deme»Jtr4ticn. As Radius, to the Hypotbenufe i 
fo is the Sine of the An^le at the Bafe. to the Per- 
pendicular. To which if the Log, of the Bafe be 
added, the Sum will be the Log. of the double Area : 
fo here is the Log. of the Hypoth, the Sine of the 
Angle at the Bafe, and Log. of the Bafe, all added; 
ind Radius fab(radcd. Which was, &c. 

P3 GAS£ 
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CASE IV. 

The Bafe And Hyfothenufe given^ to find the 

Area. 

THE RULE. 

The Log. of the Sum, and Log of the Difference of 
the Bafe and Hypothcnufe being added together, take 
half their Sum \ and to that add the Log. of the 
Bafe, this lalt Sum is the Log. of the double Area* 

In the former Triangle AEC, there is given the 
Hypothenufe 253, and Bafe 199 \ to find the Area. 

^ypoth. 2^3 Log, of the Sum 4^2 2.655138 
Bifc 19^ Log. of the DifT. 54 1.732594 

The Sum 452 The Sum 4.387532 

The Diff: 54 The half 2. 1 9376^ 

The Log, of the Bafe 2.298853 

The Log. of 3 1088 4.492619 

the fame as before. 

Demortftratiou. If the Sum and Difference of the 
Pife and Hypothenufe be multiplied together, and 
out of the Produd the fquare Root be extrafted, 
that fquare Root will be th^ Perpendicular (by EucL 
l»ib. 3. Pr. 36.) Therefore half the Sum of the Log. 
of the Sum and Difference, is the Log. of the Per- 
pendicular \ to which add the Log. of the Bafe, the 
Sum is the Log. of l\i% double Ar^a* Which was^ 

Z.Of 
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1. of Oblique-angled Triangles. 

CASE L 

Ml the Angles attd one Side being given, to fnd 

the Jre*. 

THE RULE. 

Add the doable of the Logarithm of the Side 
given, and the Sines of the two adjacent Angles, 
and from the Sam of tbe(e fabtrad^ the Sine of the 
oppofite Angle, the Remainder (abating Radius) is 
the Logarithm of the dooble Area. 

Let the Angle 
Cioi°35'the An- c 

gle B 26" 39' the 
Angle A 51° 4<S' 
and the Side CB 
247, be given •, to 
find the Area. ^ ^ ^^^ 

The Log. of CB 247 2.392<S97 

The lame again . 2.39i<J97 

The Sine of C 101° 3S'(or its Comp. 78 25') 9.991064 

The Sine of B 26° 39' 9.6 5 « 800 

The Sam 24.428258 
The Sineof A 51V fobtraft 9.89S'44 




w^mm 



Rcmaiasthc Log* of 34^i8f '^e double^ 4.S33114 
Area S ^'^ ^ 



The half thereof 1 7064 is the Area required. 



P 4 D€m9n< 



ltd 



of finding the Area Appei^d. 



Demonfir4tUn. As Radios is p6 the Hypothenoft 
CB9 fo is Che Siae of Che Angle B Co the Perpeor 
dicular CD. 

And* as the Sine of the Angte A, is to the Side CB i 
fo is the Sine of the Angle Q to the Bafe AB. Now 
if the(e tw'o Proportions be compoande4, we Ihatt 
find the Log. of EC twice, the Sine of tl^e Angle B, 
and Sine of the Angle C, ail adde4 ^ and the Radius, 
and Sine of the Angle A, to'be fubtraded. Which 
was to be prqyed. 



^PBiA*4tartrtM 



rfM*^ 



CASE IL 

Ttvo Sides^ mJL the Angle compehendod bythem^ 
behg given ; to find the Ares. 

THE RULE. 

Add the JLogarithms of the given Sides, and the 
Sine of the Angle, and the Sum (abating Radios) 'is 
the Logarithm of the double Area.- 

Let there be given the Side ABi 308, and the did({ 
6C 24?, and the conjpreheoded Angle B 26' 39 j to 
find the Area. 



The Log. of AB ?o8 
The Log. of BC 247 
the Sipe of the Angle B 2^* 3s/ 



2.4885J1 

2.392rfV7 
9.^51800 



: The Log. of 34t 23, the Rouble Area, 4.533048 

• ■ I M m 

The half thereof, 170^1.5^ is the Arpa required/^ 

pemonjfrdtion. As Radius to the Side CB, fo i^ 
fhe Si«c of fhjf Angle B to the Perpendicular ; to 

which 
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which add the Loe. of the Ba(e AB, aad yoa haire 
the Logarithm or the doeble Area ; fo bere is the 
Log. of the Side CB^ the Sioe of the Angle B^ zni 
the Log. of the Side AB, all added i aad only Radiof 
fabtrafted* Which was, &€. 



C A S £ BL 
The three Sides being given^ t0 find the Areg^ 

THE RULE. 

From the half Som of the Sides fabtrad each i^r* 
tlcular Side ; then add the Logarithms of the half 
SaiD> aod the three Differences together*, half their 
Som will he the Logarithm of the Area required* 

Let the Side AB be 308, BC 247, and AC 141. 



)o8 

>47 
141 



loi^DiflereQces. 



\ * 



Sam 696 
Half 348 



The Log. of the half 3om 248 
The Log. of 2p7 
The Log. of loi 
The Log. of 40 



i-54t|7J> 
1.^15970 
2.004321 

1 .6020C$0 



The Sam 8.463930 



The Afca i7p(Jo Log. 4-2319^5 



This 



2 1 8 of the Area of Append. 

This Rule is to be found la molt Books of Mea- 
furtag, and is demonltrated lamy COMPLEAT 
MEASURER, Purt 2. Cbdf. 1 . St^. 5. and there- 
fore I fhalL omit it here. 



CHAP. III. 

Of the Menfarstion of the Are* of * SfherUd 
TrUttgle. 

LEMMA I. 

TH E Lunary Superficies of the HemirpherickSi 
are as the Angles of the fame Superficies. 
The Proof of this Lemma (amongft man; other 
ways) may be this : 




Let the Meridian Semicircle AED be imagined to 
be equally mov'd over the Longitude of thcEqaator 
BEC, upon the Poles A, and D ; then mull the Ad- 
eles on the other Side of A and D, {vix.. F andG.) 
be as the Times j that Is, F fliall be to G, as the 

Snper- 
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Saperficies K to the Superficies M i and G is to F, 
as the Saperficies M to the Superficies K C^c and fo 
it will be howfoever they are taken. For 

Thofe things that agree to a Third, agree amongft 
tbemfelves. 

COROLLARY. 

Therefore, by Coinpofition, 

F + G : G :: K+M : M. Or, 
F + G : F :: K + M : K. 

That is. 
As two right Angles are to G, 
So is half the fpherical Saperficies to M } 
And, as two right Angles are to F, 
So is half the fpherical Superficies to K. 

LEMMA II. 
The Triangle G is equal to the Triangle H, bc- 
caufe the Angles and Sides of one arc equal to the 




Angles 



110 of the Area, Sec, App«n(f. 

Angles and Sides of the other, vix.. A=:D, B=:E« 
C=:Fi amlalfoL=0, M=:P, N=<ii therefore 
they are congmons^ and equal. 

THEOREM. 

The Excefs of the three Angles over and above two 
right Angles, divided by 720, flicws what the Area 
of the Triangle is ia refpcd of the whole fpherical 
Saperfides. 

For by t '!° ' d '' ^Sphwick : G + R 
Len.«naI.V^° = B::tSpherick:G+S 

CSqiC :: f SpJjerick:G+T = H + T 

Therefore by CompoCtion it will be, i8o: 
A 4- B -f C : : half the Spherick :' jG+R+S+tI 
and ( by Euel. 5. Lib. 24. Pr. > 180 : A + B+ C — • 
180 :: half the Spherick : 3 G 4- R 4. S +Ttt-* 
Spherick. Bat^ G + R + S + T is eqoal to half the 
Spherick : Thcreibre, 3G+R + S+T— half the 
Spherick = 2 G. And the antecedent Terms being 
quadrupled, it will be, 720 : A + B + C— i8q:1 
2 Spbericks : * G ; : 1 Spher. ? G. Therefore, 

— ^ • Ihews what part the Triangle is 

pf the whole Spherick. 

Thefe things are likewifc true in all fpherical Poly, 
gons of what ordinate Figure foever they be, or in- 
ordinate i fo fhat all the Angles be given. And the 
Realon is, bfxaufe all Polygons may be reducM into 
Triangles j therefore, this Rule foBowing IhaU bold 
in all Mult^ngles, ' ^ 

THE RpLE, 

Multiply 1 80° by the number of Angles ; fubtraft 
the Produa out of tb^ Aggregate of afl the i^ngje^ 



CKap. ;. of ^e Completm, &c- lit 
iflcrcared by 360'*^ the Refidac divided bf 720, girei 
the Area of the Polygon. 

Of the Cemftttitn of d folU SoJy. 

From tbe foregaiiig MeoTuration of the Area of a 
rpherical Triaagle, this Ora/^ may be dedoc'd. If 
the Radius of the Sphere be 100000, the Side of as 
tolcribed Icoiledron (ball be 105145.22, cgaal to the 
Subtcofeof 63° i6'io", Thereforethe plaio equilate- 
ral Triangle FEO (in tbelcofiedron) aafwers to the 
equilateral fpherical Triangle in the Sphere^ whofe 
three fpherical Triangles arc conacded io the plain 
Angles, in the fame Point 
F, E, and O. And the Sides 
of this fpherical Triangle 
are feparately taken 63° 16' 
10", becaofc their Subten- 
r« FE, EO, OF, in the 
plaio TriaDgle,are equal one 
to another. 

Let fall the Perpendicular 
EPi then will the Spherical 
Triangle EPO be right- 
angled at P i where there is C 
given (over and above the 
right Angle) EO 63° 26' 10", 
and PO 31° 4?' 05" equal to 
half EO i wherefore the ver- 
tical Angle PEO will be 
,JonoA 96 de^ jiift, and the 
wliole Angle E ?» deg. and 
the Sum of the three equal 
Angles E, F, and O, fliall be 
ii6 deg. from whence ta- 
king two right Angles, equal 
to iSo deg. there will rC' 
maifl 3$ deg. theicforc the 

TrUngld 




211 of the Completiorty &c. Append. 

Triangle EFO is ^'A ^f ^^e whole Spherick, that is 
^ part; and this itioft truly, for 2c Pyramids 
FEOC, fill the folid place of the Icoiiedron, and fo 
20 fpherical BaFes (coverM over with 20 Triangular 
plain Bafes) compleat the whole Spherick. 

FEOC is one of the 20 Pyramids io the Icofiedron^ 
and the plain Triangle fi is one of the Bafes*, C is 
the Center of the Body, or Sphere, that circum- 
fcribes it. 
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TRIGONOMETRY. 



PART IL 



C H A P. I. 

In the fir ft Tart of this Treat i/e you have all 
the Cafes of T^lain and Spherical Trigono- 
metry^ verj plainly laid do'-jun and demon- 
ftrated. In this fecond Tart, I /hall apply 
the 1)o£lrine of Tlain and Spherical Tri- 
angles to Trahice, in all the moft common 
Tarts of the Mathematicks. And firft^ 

Of Altimetria, or Meafuring of Alti- 
tudes. 

H E Objcft to be tncafurcd may be either 
acceflible or inaccelTible ^ or it may be opon 
level Ground, or Itaoding upon a Hill. 

SECT. I. 

« 

To fnesfure dn dcceffible Jltitude. 

Let AB reprefent a Tower, or Steeple, whore 
Height is required* i Firft, 
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Firft, with > Qradrant, or other Inftrmntnt, Sod 
theQointity of the Angle C, which fappofe to be 
51° 30' i then meaTiire tbeDiftaiice AC, which fcp- 
poie tobe 85 Feet! th« 1^ the firft Ofe of Fliu 
TrUDglesi 

A8S.of^6j7"jo' A;C. ojijsjj 
TotheBaleACSi Log. iin9i'9 
So is s. of <£ C 51" 30* sl89J4«« 

TotheAltitodeAB 110.8 2.044438 

Orihiu, 

A' R«l. 10. 

totheBife AC«J r.'9l9+i9 

So is t. of .<: C 51° 30' to.ii soiy 

TotheAUito&iio.8 1.044438 



*■«. Wf, ttiat in tbii aid aB ftcb afes, nM 
£! .i!Tl."'f J"65«>f yonrEye, ftlattrumeEt, to 
toe Altitude Mote fowd. 

SECT. 
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SECT. IL 

To mufutt *» ittiectUihle Altitude^ 

Let AB (io the following Fi^.) be a Church-Steeple, 
vhofe Height it reqaii'd : bnt by reafoa of a River, 
or fome other Obflrade, it is ioacceflible, that Is, yoa 
caDDot come to the Foot of it at A . 

Firft, with your Qaadract at C, take the Angle of 
Attitude, which foppofeitS^ 30' j theomeafare io a 
right Line towards the Steeple to D, which fappole 
to be 7S Feet \ and at D, obferve agaia thi Angle of 
Altitadc, wbkb let be 51° 30'. 



Now the two Tifual Lines CB, and DB, and the 
meafurcd Diftance CD, do form the obliqae-angled 
Plain Triangle CBD, wherein are given all the An- 
glesaadthc Side CD, the Angle BCD being 26° 30'; 
and the Complement of ADB 51° 30' to 180 is the 
obtafe Aogle BDC 128" 30', and confequently the 
third Angle CBD is 25" 00'. Bat this Aogle CBD 
Q, may 
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may more readily be fonnd by fubtradiag BCD from 
ADB ^by EucL Ub. i. Tr. 32.) Thcn^by Cafe the firft 
of oblique-angled Plaia Triangles, find the Side BD, 
thos : 

As 8. of 25** 00' CBD 0.374052 

To the diftance of CD 75 1,875067 

So is s. of 26^30' the-^ C 9-^49 $^7 

To the vifual Line BD 79-i 8 1.898640 

Then, by Cafe 3, of right-angled Plain Triangles, 
As Rad. to BD 79.18 1.898640 

So is s. of ADB $ i"" 30' 9.893544 

To the Altitude AB 61.97 1.792 184 



SECT. in. 

To meafure the Altitude of 4 Steeple^ Tower ^ &c. 

fiMdiftg ufon dHfll. 

Let EC reprefent a Steeple ftanding upon a Hill, 
y^bofe Height is required. 

Firft, with your Inftrutnent find the Angle CAB, 
44 degrees i and alfo the Angle EAB 26*. 

Then meafure inaftrait Line towards the Steeple 
from A to D 1 34 Feet. 

Then again at D, with your Inftrument, find 
the Angle CDB 67^ 50' ; and alfo the Angle EDB 
51 degrees. 

Then, by the firfl Cafe of oblique-angled Plain Tri- 
angles, find the vifual Line CD, in the Triangle ACD, 
wherein are given the Angles DAC, and ACD, and 
the iiide AD } thus : 

1 As 



chap. i. 



of Ahitudet: 



i%7 



tP 



Ass.ACD23''5o' 0.39353* 

t'otbe meafured Diltance AD134? 2.12710) 

So s. CAD 44° 00' 9.841771 

To the Side CD 230 4 2.352412 

Then, As Rad. to th€ Sidft CD 130.4 2.35241* 

So s. of CD'B tf?" 56' 9-95*<Sj3 

TotheSidcBC2i3.i 2.32906J 

Again, As Rad. to the Side CD 230.4'* 2.3^2413 

So s. 22° 10' fiCD 9.576*89 

To the 6a{b£lD8tf.9Z 1.93910I, 

Laftly, As Rad. to the Bafe BD 8(^.92 i.939'oi 

So is t. of 51" 00' the Angle BDE 10.091531 

.*: ; 

To the Pe*pei;dit«lar BE 167.3 , 2.03073a 

4 , ,. ■ 

C^i From 
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From the whole perpendicular Height BC 213.3 
Subtraft the perpend. Height of th« Hill BE 107.3 

There remains the Height CE of the Steeple 106. 



CHAP. IL 

Of Longimctria, or meafurhg of DiJtAnces. 

TH E Theodolite, or Semicircle, is the heft Inftru- 
ment for taking of Diftances of Trees, Stee- 
ples, Towers, &c. either of one, or many together ; 
as in the Examples following. 

SECT. I. 

To medfure one Jingle Dijlance. 

Let A be a Tree •, and you being a diftance offat B, 
woald find how far the Tree is from y 00, withouc 
approaching nearer to it, than you are at K 

1. Setup your Theodolite, or Semicircle, upon its 
Staff at B, as level as you can, laying the Index with 
the Sights upon i%on the North and South Diameter of 
the loftrumeat. 

2. Turn the Inftrument abapt upon the StafT (the 
Index ft ill lying upon the Diameter) till thro the 
Sights you fee the Tree at A, and there fix the Inftrii- 
ment with the Screw, the beginning of the Degrees 
towards A. 

3. From the Foot of your Inftrument at B, mea- 
fore with^your Chain or Rod any convenient diftance. 
on either Side, as to C 50 Rods i and there caufe a 
Mark or Star to be fet up. 

+. Turn 
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4. Turn the Index about till thro the Sights you Tee 
the faid MarkatC, and note what Dumber of Degrees 
and Minutes the Index cuts, which fuppofe 110° 20', 
which fet down. 

5. Then fet up fome vifible Mark at B, where the 
Inftrument Itood, and remove it to C ; and there fit- 
ting it up, with the Index upon the North and South 
Diaflieter as before, turn the Inftrument about till 
thro the Sights you fee the Mark fee up at B, and 
there fix it, the beginoiog of the Degrees toward the 
Mark at B. 

6. Turn the Index about till thro the Sights you fee 
the Tree ^ and note what Degrees the Index cuts, 
which let be 55^ 40', which note down j and fo have 
you done your Work in the Field* 

And now to find the Diftance from B, or C, to the 
Tree ^ yoa may perceive that the Tree, and the two 
Stations or Marks at B, and C, do make an obliqne- 
• angled Triangle ABC: in ..which is given, i. The 
Angle ABC 110^20^ obferved at tlie firft Station B. 
2. The Diftance meafured BC 50 Rods. 3. The An- 
gle CB A, obferved at the fccoud Station C 55^40'. 
By which yoa may find the Diftances AB, and AC, 
by the firft Cafe of oblique-angled Plain Triangles. 
For, having the two Angles at B 1 10° 20', and at C 
55^ 40^ their Sum is 166 degrees, which taken out of 
180°, there remains 14 deg, for the Angle A. Then, 




4^1 



As 



^ 5 o Tie Ueajumg I>art 11. 

As s. BAC 14^ 00' Ar. C. 0.516325 

To the meafured Side BC 50 Rods i .698970 

Sos. ACB55''4o' 9-916859 

To the Length of the ^ide AB 170.7 2.2321 54 

Again, 
As s. BAC 14^ 00' Ar. C 0.616325 

To the Side BC 50 i .698970 

So s. of the Angle ABC no*" 20< fCom.? ^,^ o 

69^409 ^9.972058 

To the Length of the Side AC 193.8 2*i87353 

So the Dift^nce from the firlt Station to the Tree is 
1 70.9 Rods, and from the fecond Station to the Tree 
i 93*8 Rods. . . i 



SECT. n. 

« • 

Haw to take the Dijlancet of divers thfngs remote 
' from you j as Churches or f articular Places in a 

Citjy a Squadron of Sh/ps at Sea^ or the like ; 

and to make a Draught of the fame. 

Sappofe that A, B, C, D, E, F, and G, were a Squa- 
dron of Ships lying at an Anchor, and you being oni 
$hpre, were defiroos to take their Diftances and to 
inake a Draught of tb^cn, reprefenting their Sitna- 
tion one from another. 

I. Seek oat two convenient Places upon the Shore, 
frooi either of which you may fee all the Ships at one 
View, and make thofe two Places your two Stations 
for ObfcifVation, as O and P. ' 

Then 
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Then fet op your loftrameat atOaponitsStafl^ as 
level as you cao. Turn it about upon the Socket, till 
the Needle bang diredly over the Meridian Line of 
the Card, and the North-end of the Needle over the 
Flower-de-luce; and then fcrew the Inftrument faib. 
Your loftrnment being thus fix'd at O, caH that your 
firft Station; and turn the Index about till thro the 
Sights yon fee the firft Ship A, and note what De. 
grees of the Inftrument the Index cuts, which fup- 
pofe 60 deg. which note down ; then turn the Index 
about till thro the Sights you fee the Ship at B3 and 
mark what Degrees are cut by the Index, as 74^ 30^ 
and note them down. Do thus with all of tbem^ be 
there ever fo many. 

Then meafure the Diftance between O your iirffc 
Station, and P your fecond Station, which is 240 
Rods; turn your Index about till thro the Sights yea 
fee a Mark fet up atP, and note what /Degrees are 
cut,which are 1 5^ 5o',which is the Angle your Station- 
line makes with the Meridian ; then leave a Mark where 
your Inftroment ftood, and remove to your fecond 
Station at P, and fet op your Inftrument there, with 
the Needle over the Meridian^line, as before : and if 
you lay your Index opon 1 5^ 50^, and look back thro 
the Sights, if you fee the Mark left at your former 
Station, then your inftrument is plac'd right ; if not, 
you muft turn it till you can f^e the faid Mark thro 
the Sights, and there fcrew it faft ; then turn the 
Index about till thro the Sights you fee the firft Ship 
at A, and note what Degrees the Index cuts, which 
fuppofe 43^45^, which note down; then turn chein* 
dex about to B,C, D, &c. noting the Degrees cut by 
the Index at every moving, and let them dowa in a 
T^ble^ as is done in the following Page* 
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B 
C 
At<!D 

E 
F 
G 



At the firfl 
StatioOfthe 
I ndex cotj 



60 

74 

8z 

93 

do 

120 
130 



oc 

30 

3- 

oc 

2C 
CO 

ool 



The Statio- 
nary diftaocc 
240 Rods. 

The Angle 
the Stationary* 
line makes with 
the Meridian i$ 
. 5° JO'. 



A.t Che fecond 
Station, the 
Index cat. 



Oc. 



M. 



43 

5+ 

8$ 

103 



45 

00 

30 

00 

45 

00 

o 
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How to frptrdBy or lay dawn upon Psfer^ tbi Obfervdthns 

Ufi taken. 

Upon a Sheet of Paper draw an obfcnre Line as KS, 
for a meridian Line> upon which afiume any Point as 
O for yonr firft Station } unto which Point apjrfy the 
Center of your Protrador, laying the ftrait Line of 
the Protrador npon the Line N S*, then, keeping the 
Frotra^or in that Pofition, lay yonr Table of Ob^- 
vations before yoa, whet ein you will find tfo deg. the 
firfl: Obfervation made to the Ship A i therefore make 
a Mark at 60 deg. by the edge of the Protraftor. The 
next Obfervation was 74® 30', therefore by the edge 
of the Protraftor make a Mark at 74*^30^1 do the 
like at 82° 30', at 93° 00', at 1 10*^ 20', at 1 26^ 00', and 
at 130^00- : 1 hen take off your Protraftor, and from 
the Center Odraw obfcure Lines thro every one of 
thofe Marks, as the Lines OA,OB, OC^c^c. Lay the 
Center of your Protrador upon O, and the ftrait Line 
uponNS, as before, and make a Mark at 15° 50^ (be- 
ing the Angle the (lationary Line makes with the 
Meridian) and from the Center O thro that Mark 
draw the (lationary Line^ and out of fome Scale of 
eoual {'arts (anfwer^ble to (^^ lar^en^fs of your Pa- 
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per) t^ke 240 (the ftationary Diltance^ with your 
Compafles, and fet from O to P, fo fbaO P reprefeat 
your fecond Station \ then tbro P draw another me- 
rtdtan Line parallel to the former^ and lay the Center 
of your Protrador upon P, and the ftrait Line op* 
on KS i keeping it faft in that Polition, lay your Ta<» 



ble of Obfenrations at yoar fecond Station before you, 
and with- your Protrading- pin make Marks at 43'' 45^ 
your firft Obfervation^ at 54^*00' your ftcond, at 6%^ 
30' the t\\\xA^&c. till you have prick'd down all your 
Obfervations at your fecond Station P ; then take 
away your Protf aftor and draw Lines from P, thro the 
fe?eral Marks, as PA, PB, PC, &c. cutting the for- 
mer Lines in the Points A,B,C,D,E, F, and O, 
which Points do reprefent the feveral Ships, as they 
lie at Anchor, everyone at its true Diftance and Po- 
rtion from another, as they lie in the Sea or Harbour ; 
19 a}S» from fithcr of yotjr Stations Q or f. 

This 
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This Sedton may otberwife be performM^ witboaC 
taking any notice of the Needle; thos : 

As in the laft £xample, make choice of two Places^ 
from either of wbigh you may conveniently fee. all 
thofe Ships or other Objeds wbofe Diftances yoa 
would find i which two Places or Stations let be Q 
and P, in the following Scheme. 

Firft place your Inftrument at O^ laying the Index 
on the Diameter, and turn the whole Inftrament 
about, till thro the Sights you fee your fecond Statioa 
P i then fixing the Inftrument there, dired your Sights 
%o the feveral Ships A^ B, C, D, B, F, and G, noting 
the Degrees cnt at each Oblervation, which are as 
below in the Table. 

Then remote your Inftrumeqt to P^ laying the In* 
dex on the Diameter, and turn it abdut till thro the 
Sights you efpy your former Station kt O } there fix 
your Inftrument i then dired your Sights to every one 
of the Ships at A, B, C, D, &c. noting the Degrees 
pit at every Obfervation, as in the Table, and alfo 
note down the ftationary Diftance. 
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Index cut. 
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81 30 


33 io 
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95 40 


diftaace 150 


42 30 
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H4. 30 


Rods. 


55 00 


AHU 


124 to 




53 40 
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'35 30 




7i ao 
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140 00 




84$ 10 
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LG 


15(5 30! 




lU 30 



The Protradion of thefe Obfervations will be (noch 
like that in the former £xaQ)ple i for 
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Firft, yoQ moft hy tbe Center of the Protrafior 
npon tbe Center O9 with tbe Diameter thereof apon 
tbe Line OP i keeping itfaft, make Marks by tbe Limb 
at 82"* 30', at 9f 4o\ at 1 14*" 30', at 124'' 10', at 135^ 
30*^, at 140^00^, and at 156'' 30^^ then take np year 
Protrador, and draw Lines from the Center O thro 
each of tbe Marks ^ then upon the Line OP fet off 1 50 
from O to P, taken from feme Scale of equal Parts, 
and apon P place the Center of your Protrador, and 
the Diameter thereof npon tbe Line OP i keeping it fait 
there, makeMarksby the Limbat 33''2o'^ at 42° 30', 
at 5 5^ 00', at (S3** 40', at 72** 2o\ at 86^ 1 o', and at 
1 12'' 30^; then take up your Protrador, and draw 
Lines from the Center P thro every one of thefe Marks, 
and where thefe Lines cut the former each its cor- 
refpondent Line^ there are tbe Points reprefenting the 
3hips. 

To meafure Mfgy of the Diftanas^ thus Uid dmfi, byTri^ 

gmofmtric4l CalcuUtion^ 

In the laft Figure are leyeral right-lined Tria^igles 
^ade by the Interfedioa of the (everal vifual Lines, to. 

geiber 
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gether with the Stacionary-Linej in each of which 
there will be eaoagh given to find what Diftanceyou 
ibaO require. 

Exdmple. Let it be required to (ind the Diftance 
from O your firlt Station, to the firit Ship A. 

By the vifual Line OA, made at yoor firft Station, 
and the vifaal Line PA, at your fecond Station, in- 
terfeding at A, and the Stationary 'Line OP, is con* 
ftituted the oblique-angled Triangle AOP : in which 
is given, i. The Angle AOP p?"* 3o' (che Comple- 
ment of 82** 30' to 180) and, 2. The Angle APO, 
obftrv'd at the fecond Station 33^30^} confequently 
the Angle OAP maft be 49® 00' Cbeing the Comple- 
ment of the other two to 1 80) and, }• The meafured 
Diftance between the Stations 150 Rods, to find the 
Side AO, which yoo may do by the firll Cafe of 
Plain oblique-angted Triangles j thus : 

As s. of OAP 49^ 00' o« 1 221201 

To OP 150 2.f7tf09l2 

So is s. APO 33** 30^^ 9.741 8895 

To AO 109.7 " 2.0402008 



Again, to find the Diftance AP, 

As s. of the Angle OAP 49^00' 0.1222201 

To the Line OP 150 2.1 7509 ij 

So is the Angle AOP 9f io'l ^^^^^o^ 

fCom.82^^o^ 5 9^996l6S6 



To the Side AP, 1 97 Rods, 2.2945799 

Again, to find the Diftance from the fecond Sta- 
tion P, to the fecond Ship B> 
In the Triangle OBP, there is given, i. The An- 
gleBOP 84"* 20' (being the Complement of the fe- 
cond Obfer?atioa m^de at the firft Station O) z. The 

Aa^ 
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Angle OPB 41^ io\ the Angle taken at the fecond 
ObferTatioQ at P } and 3. The Stationary diftance 
150. 

Then by the firft Cafe of obliqne-angled Plain Tri- 
angles, 

As s. of the Angle OBP 53* i o' 0.09(57023 

To the ftationary Diftance 1 50 2.1760912 

So s. of the Angle BOP 84'' 20^ 9-997872$ 



m^ 



To the Diftance BP, 186.5 2.2706660 

Then in the Triangle ABP, there is given the An- 
gle APB 9^ 10^ (being the Difference between the firlfc 
and fecond Obfervations at the fecond Station) and 
the two comprehending Sides AP 197, and BP 186.5, 
to find AB. 

Work by Cafe the 3d of obliqae-angled Plain Tri- 
angles. 

AP 197 From 180® 00' 

BP 186.5 Subtr. 9 10 



Sam 383-5 Rem. 170 50 



Diff 10.5 Half 85 25 f 

Then, 
As 383.5 the Sum of the Sides ^.^161^$ 

To 10.5 the Difference of the Sides i .oa 1 1 S9 

So is t. 85'' 25't» t the Sam of opp. Angle, 1 1.096807 

I — — ^ 

To t. of 18 53 half their Difference 9-53423 x 

Sum 104 18 1 =:the Angle ABP, ■ ; 

Di^. 66 ii I =s the Angle B A P. 

Then, 



i}8 71!^^ Mea/uriri^ 

TbcD, by Cafe I. 
As s. 66"" 32** f the Angle BAP 
To 185.5 the Side BP 
So s. 9** 16' the Angle APB 



Pirt IL 

0:037465 

2.27057J> 

^•202234 



To 32.39 the diltance between A and B 1.510378 



After £he fame manner you may proceed to' find 
the reft of the Diftances, there being enough given 
in each Triangle to find the reft ; or you may take any 
of the Diftances in your Compafles^ and meafnre U 
upon the fame Scale you laid down the ftationary 
Diftancc by, and that will fhow you theDiftance* 

By either of thofe ways you will find the feveral 
Diftances, as they are exprefled in the Table below. 



LJ. 



AO 109.7 
AP 197 
BP 186.5 

AB 3^-4 
OB \l6.6 



CP 

oc 

BG 
DP 
OD 



158.4 

142.6 

46.8 

142.6 

«S4*5 






CD 27.7 
EP 117.8 
OE i6o.2 
DE 31.6 
FP 119.4 



OF 

EF 

PG 

OG 

FG 



i«5.4 

28.75 
86.1 

200.5 



To refolve the firft Example by Trigonometrical 
Calculation^ you muft note. That every oiie of the 
ObfervatiQns made at the firft and fecond Stations, are 
too much by 1 5"" 50^ (the Angle which the Stationary- 
line makes with the Meridian) and therefore muft be 
fubtraded from each: Thus, from 60"^ 00^ ("the De^ 
grees cut at the firft Obfervation^ made at the firll 
Station O) fubtradt 1 5"" 50^, and there remains 44^ 
10' for the Angle AOl, whofe Complement to ISC'* 
is 135^ 50' the Angle AOPj and 15^ 50' fubtrafted 
from 43° 45' (the Degreescut at the fir^ Obfervation^ 
at the fecond Station j there will remain 27"^ 55' 
for the Angle APOi and if you fubtrad 27^55' 
from 44** io',thcrc wiQ remain 16^ 15' the Angle OAP; 
and having aQ the Angles iq ;hc Triangie APO, and 

one 
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One fide OP, yon may eafily find the other Sides, as was 
Ihewed in the dther Bzample : but the working I fhall 
leave to the yoang Artift to perform, and proceed 
sext to fhew how the moft remarkable Places in 
a Town or City may be taken and laid down in d 
Map. 



SECT. III. 

How to take the DiJlMcts of the moft remarkdble 

Pldces in a Town or City. 

Let A,6,C,D,E,F,G, H,K,L, and M befome 
emitient Places in a City, foch as are nominated in 
the Table following} of which make choice of two, 
from each of which all the reft may be feen, as L 
St. Gil€s\ and M St. HeUnh y then opon St. Giles's 
at L, fet np yonr Theodolite, or Semicircle, laying 
the Index npon the North and South Diameter there- 
of \ and then turn the Inftroment about, till thro 
the Sights you fee St. Helen's at.M, and there fix it. 

Then move the Index till thro the Sights you fee 
the North-Gate, the Index cutting sv"" 30 . Then di- 
red it to the School-houfe, the Index cutting 77° 00^, 
dnd fo to all the remarkable Places about the Town, 
noting down what Degrees the Index cut at every 
Place, which fuppofe to be fuch as are exhibited ia 
the fecond Column of the following Table under Sta- 
tion I. Si. Giles\ 

Then removing from St. Gileses to St- Helin% 
there fet up your Inftrument, laying the Index upon 
the North and Soutli Diameter thereof, (as before) 
and turn the Inftrument about till thro the Sights yoa 
fee St Gil€s\ and there fix it; 

Thea 
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Then torning the Index aboat, diredyoar Sights to 
the North-Gate, the lodex cuttiDg 160 30'^ which 
DOte down ^ then to the School-houfe, the Index cut- 
ting ^6'' 45^, and fo to aU the remarkable Places, as 
before ^ fo (hall yoa find the Degrees cot by the Index 
at the feyeral Diredions, to be foch as are fet down 
in the laft Columa of the Table, under Station II. St. 
HcUrf%. 



\ 



iTbe Mames of the PU(:es 



yoa obferve. 



A. North'Gdte 

B. School' houfe 
C Chri/t Church 
D. Prifon^Houfo 
EU 5/. BentdiS^s 
P. Sotith-GMe 
G. The Hoffiul 
H. The Town-HdU 
K. The Old Tower 



St4tiQ9 I.IStation 11. 

St Giles's 1st. Helen's 
deg> min^jJeg. 



mm. 



37 
77 

Ins 

133 
I168 

187 

1210 

'317 



30 

00 

20 

45 

00 

30 

45 
30 

30 



16 

i7 
60 

140 

197 
169 

I342 



Having thus finilhed your Table of Obfervations, 
the next thing that you are to do, is to find the 
Diftance between L St. Gilei\ and M St. Helenh% 
which to do, (if you cannot conveniently meafure it 
within the Town) you may go out thereof into feme 
near**ad)oining Field, or other open Place, where yoa 
may conveniently fee both the Places ; as fuppofe in a 
Field at O, and R : where, 

1. Set up your Inftrument at O, the Index lying on 
the North and Sooth Diameter thereof, and tarn the 
Inftrument about tin thro the Sights you feeSt.GiWt 
at L^ and then fix the InftromenL 

2. The Inftrument thus fixed, direa the Sights to 
any Mark fet up at a diftance as at R, the Index there 

Cttt« 
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cotting 106 4^. aod thca to St. Hclw^ Xht lodez cat- 
tiog 40 d^. , 

3. Mefiim'etbePiftaQcebetwceQ Q gad R, which 
let.be 470 geoqetrlcal Paces <of 5 Foot (o a Pace) or 
2350 Feet. 

4. Set .op yoar laftromeot at R, the Index lying 
Jipon the Diameter, as before, taming it aboat till 
4&:o the Sights yon fee a Mar|c iet op at yoor former 
Station At A and there fix it : Then move the Index, 
tin thro (he Sights yon fee St. Gil$s^$ at L, the Index 
cotting si^.deg. then more it forwarder, tiU yon fee 
St. Hitens at M, the Index catting 6$"" 30^ And by 
thde two Ob&nrs^ions, the Diftaooe between St* 
£iUs\ and St Helw oiav be 9|)t4in'd t)y the 0^« 
r^ioQ^ in the forfpgoing Seftion. For, 

In the Trimigk 4X)R, yoa have girep, (1.) The 
diftance OR 2350 Feel. (2.) The Angles LOR igtf 
deg« and LRO 36 deg. the Sum of them is 142 deg. 
wliofeCfimplement to 180^ is ^Sdeg. £or the Angle 
.^LR^ to find :LO* Thep, 

« • ' • , 

By the fir|fc QXtfi obliqoe-a|iekd Triffn^les^ 

Af *• 38^op' ^U^ . .: pjijotfsSo 

To-QR 2350 3-3710679 

^a.3^«o'iJftO ' • 9.7^92187 

To LO 2244 3*3 50944^ 

Again, 

Ajsa-OLRaS'^oo^ 0.2106580 

ITq.OR 2350 3 -37 10679 

So y LOR 106^ (Cionh 74^ 9-9828416 

To LR i669 3.5tf45<J75 
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fi Again, 
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Again, in the TrUogle OMR, there is gWen, 

(I.) The Side OR IJSP- (»•) T** '^P^.P^^ 
6^\d. (3.) The Angle MORtftf <ieg. and alfp the 

Angle OMR 48' 30', tohnd MR, by Oft L tha$ : 

As8.0MR48'3o' O.I2S5439 

To OR 2350 J.37io«79 

So $. MOR 66" 00' 9.9^07302 

To MR 28<J<S 3.45734*0 

Then for the Dittance LM, in the Triangle LRM; 
there is given, (i.) The Side LR 3,669. (1.) The Side 
MR 2866. f3.) TherAngle LRM 29* 30 j compre- 
hended between LR and MR | to find the Side LM, by 
Cafe III. of obliqae-angled Triangles. 

A« the Sam of the Sides tf 535 6. 1 847544 

To the DifTerence of the Sides 803 2.9047 1 5$ 

So ist. of half the Sum of the op.? ,o„o-8«a 

poate Angles, 75^5'$ '*>-S7Pl854 

To the t. of half their DiC 25* <>*' 9>^^^553 

Sam 100 itf=LMR . 
Difi: 50 14 = MLR 

Then by Cafe the firft. 

Ass. MLR 50" 14' 0.1141681 

To MR 2866 3.4573420 

So is s. LRM 29<* 30' 9.^923388 

ToLM 1836 3'»J39489 



Thus 
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pos haviog found the Diftince betwrtn St. Gilu'a 
•t L, and St. Mrlat at M, to be 1 83s Feet, yoo m» 
Uy down all the other Places, according to their trne 
Diftances and Sitoationj one from another, by the 
DireSioo! of the fecood SeSioo befbte-eoiog, and u 
JOB fee done In the Figure below. 



for the TrigoOometHcal Calculation of tbi tfif- 
tances, yoo molt obferve the DireSions in the feconi 
Seaion of this Chapter, and fecond Example i only 
t>Brenre that all Places which fall below the Line LM, 
as the Places reprefented by F, G, H, and R* you mnft 
take iSD'ODt of the Degrees and Minotes taken at 
St. Rlt/j. Thus the Degrees cot in making the 6\>' 
R » iirratioil 
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fcrvAtion to F from St. Gili>\ arc iZf 30', oqt of 
which Cake 1 80% and the remainder is 7^ 30^, the 
Aflgle MLF : and to find the Angle at M, take the 
Complemeat of the Degrees to stfo* Thus the De- 
crees obftrred at SuHelins toF are 197^ 3o\ which 
loDtraded from 360, the rematoder is 162^ 30^, which 
is the Angle LMF i and the Sam of itfi^ 30^ and of 
7'' 30^ is 170 de|. which taken from i8o% there re* 
mains 10° 00^ for the Angle LFM; fobave yooall 
the Angles in the Tria/igle FLM, and alfo the Side 
LM, to 6nd the Sidesi M^ and FM. I think I IhaD 
nof need to fay any thing, more about it, bat fl^U 
kave tlie working t6 the ingenions Reader, and 
only fet down the pittances of each Place from St. 
Gila% and St tiiUfit^ as below in the Tab]e. 



Feet 

HIS 
f7oo 

2159 
3207 
130^ 
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:Ofs forty or Yortifiaifion.\ Md offfxtrd Adorns 
I ' to ie tifjh'ved tbereitr* 

' f • A Von as made to the intent that a few M ^a 
«. £\ might be able to defend themfelves, and cbe 
-Plac^, againil: a greater Number. 2. Therefore the 
^PUce is covkoned with a Rampire or Wall, and a 
- ^ ^ Di'tch^ 
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Bitcfa^ of Ibffictent helgtit, hr&idtis^ and depth, tb 
impede the AiTaults of an Bnemy. 3. And becapfe 
the Sides thus iaclofiag a Fort are nop of themfeives 
fbfficient, they havetherefbre Planks to defend them j 
which Flanks are alfo themfeWes flanked by the Car* 
tains or Sides. 4. And for the better defence of each 
Cartain, it is rraoifite that every Side of a Fort 
fiioold haf e two Flanks ; and if the Cortain be very 
long, it may have foor, fix or more. 5* And fo there 
will be two Flanks placed near together, the one 
(bottling the Side towards the right Hand, aod the 
other towards the left, either Flanit ftanding perpen- 
dicolar to the Curtain that they flank. 6. And fee« 
iog the Cortains and Fronts of a Fort are efpecially 
defended; therefore the greater the Flanks, and the 
Gorge between them are, the lietter they are. 7. 
And fbrafmiiicb as, the Front pf a Bnlivark necdstlie 
inoft defence, it dagbt ftf tb be drawn, that It may 
be defended by Shot ttom as gre^ a part of the Cur« 
tain as may be, which part of the Cnrtain is called the 
fecond Flank. S. The otftward flanking Angle oaght 
flevtr to exceed 150 Degrees *, for by how much the 
leflfer, fo much the better it is : neither ftoold ithe 
oatward, or Diamond-point of a Bulwark be greater 
than 90 De^ees, or leuer* than to Degrees, p. Ana 
SIS. the tos^ard flanking Angle, and the Angle of the 
Shoalder of the Bolwark iocreaie and decreafe toge- 
ther, one exceeding the other 90 Degrees *, therefore^ 
as the inward flanking Angle 4ioald never be lefs than 
1 5 Degrees, fd the Angle of the Shoulder (boold ne* 
verbe lefs than 105 EN^recs.' io« The longeltLine 
of Defence, drawn froos the Angle of the Flank to the 
oatward Angle of the Bulwark^ Ao«Id never exceed 
720 Feet, for that it onght nor to4)e withtHit Musket- 
fliot. 1 1. A regular Fort is^ fiK^ aFott as confiflrs of 
e^oal^ides and Angles* .Awl rit fdch a ji^rt doth 
CDClow a grater quantity of Orodnd, and the Foro9 
Ilia all PMttaHkc; therefore a vq^ular Fort, if the 

^ $ Ground 
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Grofiiid or Pbce win admic, is better than an irregu- 
lar one of the like number of Sides and Angles, 

13. And by what bath been already laid, in the 
eighth beforegoin^, it is evident, that a Fort of three 
Sides and Anpes is of no momeott nor one of four 
of any great vdloe ; bnt the more Sides and Angles a 
Fort hath, the better and ftronger it is« Wherefore, 

14. If the fixed Line of Defence be 720 or 72 Rods, 
then may the Curtain be about ^ Rods, the Front of 
the Bulwark abont 28 Rods, and the Flank to the 
Gorge as 6 is to 7, and the Angle forming the Flank 
alK>iit49DcgreeSt 
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^tlftgimwg the Terms ef 4rf nfei h fortipttiote^ 
effedsvtj cf the P«rts ot Members ef 41 Fort. 

I, A Fort it « piece of Grooud eoTlrpoed with a Rano" 
pire or Wall, and a Ditch to impede tbe Ailaolta 
of aa Boem^, 

II. A Fortrefs it a fmatl Fort, Cattle, or Sconce, 

|IL A Rampirt it a Wall of Earth eadofiog tbe 
?lace forti6ed« the Foot or Feondatioa whereof it 
(in the Figure below) noted with «>. 

IV. A Cortaia ON. 

V. A Bol«rari( I^FGHE; 

VL Tbe Front of a Bulwark FG, or KL; 

yit. A Flank NF, or OL. 

yill. The Gorge of a Qalwark, or tke fpace betwecft 

two Flankt, at l^B, 
IX, The Gorge line t^C, 
TH, TheHead.l.ineGG. 
Xl* Tbe Shoald^ F, or L^^ 
%\\. The piaraoad>PMht of tbe Bolwark; or tomi^, 

Mfl>ci tbe M(cd Ajpftte of t^ Bvlwvki Q. ^_ 
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XIII. The fecond Flaok O *. 

XIV. The fiziog-fized, or longeft Line of Defence, 
OG. 

XV. The (borteft Line of Defence, > G. 

XVI. The inward flanking Angle F i N. 

XVII. The oatward flank Angle, KPG. 

XVUL The Falfe>bray, the Breadth whereof is noted 
with BC 

XIX. The Ditch, the Breadth whereof is noted with 
dt. 

XX. The CoYcrt'Way, the Breadth whereof is noted 
with «/. 

XXI. A afemate. 

XXII. The Parapet, tux. of the Rampire, Falfe^bray, 
and CoTcrtway. 

'XXIII. The Walk on the Rampire. 

XXIV. The Scarp inward and outward, vl^. of the 
Rampire, Parapets, and Ditch, 

XXV. PaUIadoes, 

XXVL A Bank or Foot-path; 

XXVII. The Brim of the Ditch. 

XXVIII. The Counterfcarp. 

XXIX. A Ravelin. 

XXX. An Half-Moon. 

XXXI. A Horn-work. 

XXXII. A Trench. 

XXXIII. Gabiont. 
XXXIVi A Breach. 

XXXV. A Mine. 

XXXVI. A Counter-mine: 

There are feveral other Terms nled in this Art, 
which I (hall here omit, my defign being only to a[>' 
ply the Dodrine of Plain Triangles to Pradice in this 
Art, 

%i S E C T^ 
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S E C T. IIL 

To ftid the Qu^Mity of the At^Us m sB ViHi 
of 4 Forff of *mf MMmber of Sidis frofofod. 

By the 13th Axiom foregoioflu a Fort is to conlift 
of four Sides at leaft ^ and by the 8th Aziom^tbe flank- 
ed Angle of a Bolwark ought to be at leaft 60 decrees ; 
therefore in a regular Fort of four Sides^ the &aked 
Angle of each Bulwark ought to be 60 deg^ and, bv 
the yth 4^ioai,- the outward flanking Angle (expcea^ 
ing the inward flanking Angle by po deg*) muft needs 
be i5odcg. 

In this Figure^ let fiC be one fide of a Square f<n> 
tlfied with four Bulwarks, one of which' let be fl, Py 
G, H9T; and feeing the flanked Angle of this pul« 
wark FGH is 60 dejg. therefore the half thereof FGG 
is 30 deg. and IGC (being equal to DCA) namcSy^ 
half the Angle of the Tetragon or Square) 45 deg% 
therefore SGF is 1 5 deg. and the Complement Hiete^- 
of SFG 75 deg. whereto is equal the Angle Vt/iG^ 
which is half KMG. Therefore the outward flanking 
Angle KMG is 1 50 deg. Which was to be proved. 

And thus feeing in a quadrangular Forti the 
flanked Angle is 60 deg. and the outward flaking 
Angle 1 50 deg. what thefe Angles will be in other 
FortS) confifting of more Sides than four, we may 
find by help of thefe in manner following : for which 
this is the 

RULE. 

Subtradthe Angle of the Square 90 deg. fromtho 
Angle of the polygon ; half the Remainder add to th^ 
flanked Angle of the Square (viz.. 60 deg«) fo have 
you the flanked Angle of the Polygon propofed. Alio 
fobcraft ttie Half-remainder ftom the flanking Angle 
of the Square (viz.* i $0^) and the Remainder i| the 
flanking Angle of th^ folygoi) propofedi 
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EXAMPLE I. 

Of d FentsgofL 

The Angle at the Perimeter of the Pentagon is 108 
The Angle of the Square fubtraft 90 

The Remainder b 18 

The half thereof is 9 

Which added to the flanlced Angles of the SSqnare 60 
Gives the flanked Angle of the Pentagon 69 

From the flanking Angle of Che Square 1 50 

Sobtrad the afioreiaid half Remainder 9 

There remains the flanking Ang« of the Pentagon 141 

EXAMPLE n. 
Of 4 Hexsgon. 

From the Angle of theHexagoo, being 120 

Subtraft the An^e of the Square 90 

And there remains 30 

The half whereof is 1 5 

Added to the flanked Ande of the Square 60 

Gives the flanked Angle of the Hexagon 7 5 

And from the flanking Angle of the Square 150 

Sabtrad the forefaid half Remainder 1 5 
There remains the flanking Angle of the Hexagon 135 

And proceeding in this manner, you Ihall find^ 
that the flanked Angle win not be 90 degrees, till yon 
come to a Fort of twelve Sides. 

Now the flanked Angle of a Bulwark being known^ 
yon may thereby come to the knowledge of all the 
other Angles requiiite to be knowo« 

Ifll 
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72,00 

3tf.oe 

54-00 
69.00 

S4-30 

54.00 

19.30 

70.30 

i8o.oo 

109.30 
7a30 

141 «oo 

i8o.co 

54.00 

1 26.00 



In Fig. 3. Let BC be the Side of a Pen- 

taeotH whofe Angle at the Center is BAG 
The half whereof is CAD 

The Complement thereof to 90 deg< is DC A 

Kow admit the Angle at the Bulwark FGH 
The half thereof FCG 

Sobtraded from SGC, is f qnal to IX: A 
Hcmains the iaward flanking Angle SGI^ 
Equal to FPN, the CompK of either SFG 
Sobtrafted from two Right Angles 
Leaves the Angle of the Shoalder KFG 

Aeain, The fame Angle SFG, or IMG 
Doubled, gives the outward flanked Angle 

KMG 

Laftly, From two right Angles 
Sobt. half the Ang. of the Polygon BC A 
There remains the Angle DCG 

And thos, from any flanked Angle propoftd, yoa 
may find the Quantities of the other Angles, 

But for any Polygon propofcd, you may morecom- 
pendioufly fet down the Angles of the Bulwark, and 
gQ the other Angles after the form of this Example 
following ; remembring, that if the Polygon have 
more than 1 2 Sides, you make the Angles at the Bal« 
wark a right Angle* 



To half the Angle of the Polygon BC A 
Add al ways ^ 

The Sum is the flanked Angle FGH 

The half whereof FGCl 

Subtraft from half the Angle of the Poly* I 

gon BCA ' 

There ren»ins the inward flanking Angle 

SGF 
WboTe CDnsplemeat is SFG 

I 



d 

54.00 
15*00 
65^00 

34*30 

S4-00 

19*00 

70.30 
.Which 
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d* in* 

180.00 

109.0Q 

70.3Q 

141.0a 



W)ildi fibtraAed from two right Angles 
leares the Aogle of the Shoulder GFN 

Aod th< fame Complement SFG^ of IMG 
]boiiUed^ is the oatward flanking Ang. KMG 

' iPot the An^Ie forming the Flank^ namely, the 
Ailgte FCNf ' It csay be always about 40 Dbgrees, 
And according to ''this Rule is the following Table 
made. 
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SECT. IV. 

Of the Qudmity tf the CmrtsiBS^ FMs^ tronts^ 
Gorges^ dnd Unes mJL SideSj m regMlsr Forts^ 
if sffjf determined number cf Sides. 

There is no neceOity that the Angles in Forts 
Ihoold be exadly fucb as are found by the foregoing 
Roles, but tbey m^y be fomething more or lefs as 
tbe Place or other occafions (hall require : Bat firft, 
fuppoCog them to be foch, 1 win fhew bow to deter- 
oiiDe the quantity of tbe Sides and Lines of a Fort 
acoordiogly, by Trigonometrical Calcolatiom 

Tbe Length of the Curtain, and of tbe Front of the 
Bulwark given, to^find what tbe other Sides and Lines 
ihoold be. 

As in the regular Pentagonal Fort, Rg. III. and fb 
in others^ to tbe intent tbe Line of Defence may be 
about 72 Rods, tbe Curtain 42, and tbe Front aboot 
28, as is before noted in the 14th Axiom, and that 
tbe Proportion of tbe Flank to tbe Gorge be as tf 
to 7 V and let tbe Angles be as are exprefled in tbe 
[Table above : Then, 

The Curtain is . Ol3 420 Feet 

The Front of the Bulwark FG 280 Feet 



Then will the reft of tbe Sides be found by Trigo« 
nometrical Calculation, as foOowctb. 

In tbe right-angled Triangle SGFj by CafellL 
As Radius po^ lo. 

To the Front of the Bulwark FG 280 2.4471 5 
So is s. of tbe inward flanking Angles ^ *^ ^^ 
SGF 19^30' S ^-^^^5^ 

•' To tbe Line SF, 93*47 1.970^5 

Again, 
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Again, by the fiune Calc» 
As Radios 90" <o« 

To the Front of the Bolwarh FG 280? ^.jurjit 

So the Cofioe of the inward flankiag > ^ »^ ^ , « 

Angle 70" 30' ^ .!*!!!!! 

To the Line SG 253.94 Feet 1.421 50 

Half the Coruin SI 210.00 add 

/ 
m ■■ 

The Sam is 473.94 for the Line IG ; 

which doobled, is the. Side of the outward Polygon, 
cr the Diftaace of the Diamond-Points of the Bul- 
wark KG 947-88 Feet. 

In the Triangle I AG, by Cafe II. of right-angled 
* dslIcs * 

As the «. of half the Angle at the Cen-5 « _-f«, , 
ter lAG s<5* oC ^ I ^^^^^^ 

Is to half the Side of the outward Pen- c 2J5^K'^l 

tagon 473*94 ^ ' 

SoisRadiu 10. 




To the Semidiameter of the outward ? , ^_^^^ 

Pentagon AG 806.3 ^ **^5'* 

In the fame Triangle, by Cafe L 

As s. of the Angle lAG 36" oo' Co. Ar. 0.23078 

To halftheSiaeofthePenttgon 473.94 2.67572 

So is c. 8. of half the Angle at the 7 o.QQnots 

CenterAGIs4°oo' ^ 5»-90796 

To the Perpend, of the outward Pen-> - o, ^ ,^ 

tagon AI 6s»-3 .J ^'^^ 
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la the Triangle FCG, by Cafi L of obliqoe-aogled 
Triao'glcs ; 

As the s. of the Angle FCG 86* oo' G* Ar. o.coi 06 
Is to the Front FG 280 a.447 1 5 

So 8. 9f the Angle FGC 34* jo^ 9.753 1 3 

To the Line FC i $8.98 2.201 34 

iB the fkme Triangle, I>y the (ame Cafe} 

As s. of the An^e FCG 86* 00' Ar. C i.ooiotf 

To the Front FG 280 2.447 1 « 

So s. of the 4ing^ GFC J9* $& 9.93 532 

To the Head-Line CG 241^ S-^Sscs 

Which fiibtr. from AG 806.31 the Semidiam.^ 

the inner Pentagon - 
Tberereinains 5^4*87 

Jn the Triangle FCN, byCaie IH of right-angled 
Triangles } ^ 

As R^d to the Une FC i $8.08 before? , ,^„ 
found J~ 2.aoi34 

^!;5f '^* Angleforming the Fknl[> ^ oaii«« 
FOi 40*00' I 9-80807 

To the Flank 102.19 2.00941 

The FlankFti being 102.19 

Add to it the Line fiijt fbnnd, SF 93.47 

.The Som fai^ihe Difi*. of the Pentagons ID i95.tf5 

.Which (bbtra^from the Perpend. AI ^52.32. 

Jhererenuuns ' 456.66 

for Ap the Ftrpend. of t&e inner FenUgon. 

In 
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la the Triaogle FKC« bfCafe III. of right-aagled 
Jriangles. 
Ast^dios to the Uo« FC 1)8.98 2.20134 

Sd c.s.,of the Ang. fbrotiog the FUak VC^ 9.88425 

To thc^ Gorge Line i3C 1 21.78 2.08559 

.To Jbc Gorge Line NC 1 2 1 .78 
Add half the Curuio DN 2 1 o 



The Sam is the Line DC 331-78 
W^ich doubled is BC 663.5^ 
for the Side of the loner Peotagon* 

In tfae f riaogle FPN, by Cafe I. of right-angled 
ITriaaglc;. 

As s.of the inner flanking Angle FPK? ..<«^ 

To the Flank FN i<$2.i9 2,00941 

So is the Cofine of the inner flanking -» ^_^.« 
. Angle i6« 30' , , ^^997435 

To the Line PK 188.58 2.46026 

Which fabt. from the Cart. ON 420 

The remaiad. is the 2d Flank OP 131 .42 



In the Triangle ROG^ by Cafe IV. of right-angled 
Triangles. 

To the Line before foand SG 263.94 
Add the Cortain ON 420 

The Sam is the Line RO 6^3.94 
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Then Firft, 

As the Line RO9 or ID, 19$*^^ 7«7o9$o 

To the Line RG 683.94 2.63 jo2 

So is Radios 1*45'^ to. 

To t. of the Angle ROG 74* ox' ^o.%^i%z, 

Secondly, 

As the s. of the Angle ROG 74'' oz' 9.98291 

Is to the Line RG 683,94 2«83502 

So is Radius to. 



Wm 



To the length of the Line of Defence > ^ o^. „ 
OG711.4 5 ^^^ 



Thus have yon the manner bow to find i.t.« ^^t^v.. 
Lines, and Angles of afay regular PortificatioDy by 
Trigonometrical Calculation, whereby the Excellency 
of Plain Trigonometry in fome tttafore doth ajK 
pear. 
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Of NAVIGATION. 
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« 

T S R A L L fliew the Ufefalaers of Trigono- 
1 metry in this moft excellent Art, ines bnefa 
Afethod as I can, yet fo fuD ;ind dear, as that it jnay 
1)e «»1Hy ander^ood by a Learner; sad firft I Aall 
bcg^n with 

S E C T. L 

PLAIN SAILING. 



C A S E I. 

7^ Cofirfe 4t$d DiftMce ruB kuft^ given ; to find 
the differeme tf Lstitude Ma Defarture, 

Admit a Ship iails SW h W. 49)$ Miles, I demand 
bcr M^nce 01 Latitude and Departof c. 
f. As Rad. to the Oift.ran 490 2.69548 

' So a. of the Goarfe 56* i f p.91985 



To the Departare 4124 



2.61533 




S 2 



a. At 
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2. As Rad. to the Dift. ron 496 
So c s. of the Romb 33"* 45' 

To the Diffi of Lat. 27S-5' 



Part II. 

2j69$4% 
9.74474 

244022 

r if > 



Admit a Ship in the Latitade 32° Kortb, and fails 
•way NE b N i E 91 Leagues : 1 demtad the :LaU- 
tude and Departure. 



I. As Rad. to the Dift. run 9* L. 
So is c 8. of the Courfe 50° 38' 

To the DiiTrLat. 71.1 ^ 



9.88823 
2.85201 



- •••••••••», 




> • 

2. As Rad, to the Dift. 92 L. » 
So s. of the Coarfe ap"" 2^' . > 

To the Departure $8.4 



2.96378 
9.80128 

2.^66o6 



Divide the DifF. of Lat. and Departure by 20, (be- 
caufe 20 Le. is 1 Degree.) 

2,0)7,1 i*o)5,8 



3—11 
3 



2—18 



3? iniQ< 



' 54 



So 
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So tbeLatitade the Ship is in is 1%"" 33^ North, 
And (he is departed from the Mcrid* a 54Eaft€rly. 

Upoo Gmter^t Scale there is a Ltae of Sines, and 
Rombs, marked with SR, which is a Line divided to 
every quarter Point of theCompars in the Nature of a 
Line of Sines. If yon extend your Compafles in that 
Line from Radius, which is at 8 Points, to the Com- 
plement of the Courfe, which in this Example is 4 
Points and a half; that extent will reach from cli^ 
Diitance run 92, to the Difference of Latitude 7 m. 
And extending from Radius to the Course 3 \ Points, 
t;bat wlQ reach from 92 the Diftance run, to 58.4 the 
Departure. 






CASE IL 

The Courfe and Difference of Latitude being given^ 
to find the Difiance and Departure. 

Admit a Ship lails NW b W f W, until her DifTe- 
reoce of Latitude be 275.5 ^^^^^ • ' demand her Dif- 
tance run, and Departure. 

I, As c s. Courfe 28' 8' 9-<5735o 

To the Diff. of Lat. 275.5 2.4401 1 

So is Radius i o. 



To the Diftance run 584*3 



l.'j666i 




i 

%- 






s 3 



2. As 
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». A« Rid. to tbt Diftaaw mo 5^9 
So It the s. of tlleCoarfttfr 51' 

TotheDep«rtore5ij.i 



FArt It. 

9*94539 
2.71100 



Admit a Ship in the Latitode of 4(/' North, fkUt 
away NW b N f W, QDtil ihe comet lato the Latitode 
of ^3« etf' : 1 demaod her Diftance ran, and Depar- 

tore. I 



43* S<' 

40 00 

9o 



I. As cs. of the Coorfe 50* jf 
To the Diff- of Lat. 236 
So is Radios 



P.S8813 
2.37291 



10. 



To the Diftance ran 305.1 



248478 



235 Miles 




2. As Radios to the Dift. roa30^3 
So is the Sine of the Coorfe 39** 23' 

To the DcparturjB i93>7$ 



2^8478 
p.8o24S 



2.28721 



If yoQ extend the Gompafles in the Line SR froiq 
4t Points t(^ Radias, that extent will reach from 235 
10305.3 in the Line of Mtimbers; and in the fecond 
Proportion exteiid fjroifl Radius to 3 1 parts, that will 
reach ia tht Line of Noipbers froip ^oj-s to ipj.?!* 

P4§t 
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CASE ni. 

7%e €(mrfi^ dnd Defarture being given ; to find the 
Difidnce run^ Mi Difference of Latitude. 

Admit a Ship lails SW b W until her WeftiDg be 

41 2.5 Miles : I demand ber Diftance faii'd, and DifTe- 

rence of Latitode. 

I. Ass. of th^Coqrfc s^*"" 's' PPipSs 

To the Departure 41 2 f 2.6 1 542 

So is Radios i o. 



To the Diftance rnn 496. i 



2.69557 




4J2..S 



2* As Rad. to the Diftance 496.1 



So cSf of tbe Courft 3*3'' 45 



To 



of Latitude 275.^ 



2.69557 
9.74474 

2.4403 1 



Admit a Ship in tbe Latitade of 50"" Nortb, and 
lailsSWbS ontil ihe be departed from the Meridian 
6z Leagues e I <kmand tbe Diftance run^ and what 
Latitude the Ship is now in. 



S4 



I. As 



2^4 ^/ N4Vig;4rw>^ 

I. As«.of thcCourfc 33*^4$' 
Is to tbe Departure 6^ 
So is Radios 

Jo the pittance rap 1114$ 




1. As Rad^ to the Diitance run. 1 1 i.tf 
Socs.oftb^CoQrfe s^"" 15' 

To tbe Diff^ of Latitude 92.8 

Lat, come from 50** oo' 
DifT. Lat. C\xhtr, 4 38 



>i 



Lat. come to 45 22 



Pate IL 

P«74474 
1.79239 
10. 

|| .a I ' .1 ' 



I,047tf5 
9.9 ij)85 

1.96750 



CASE IV. 

Th J)iJI*nce raff, tttd differ ente of LnHtutU gvpfit 5 
to find the Courfe snd Defurture^ 

Admit a Ship iathe Latitude of 6^ North, aod 
fails awaf betweeo the K aod £. 98 Leagues^ anti} fte 
(:omes joto the Latitade of 9° ^^\ \ deipaad tbe 
Coerfc 9nd pepartarf, . . 



A» 
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As the Diftance rmn 98 

|s to Radias 

So is the Diflf. Ut 75 

To cs, of the Coorfe 40"^ 04' 



2^5 

1.99123 J6 00 
ID. j 

1.87506^ 3 45 

9.88383 





As Radios to the Diftance ran 98 
)So s. of the Coorfe 40"" 04' 

To the Departored3.i 



l.99!23 
9.80867 

1.79990 



The Coorfe is NEbN 6^ 19'Eaftcrly; that is, a 
littje 9bove i a point Eafferly. 
The increafe of Longitode is 3^ p^ 



Admit a Ship in 40^ N. Latitode, fails away between 
theS. aqd W. 105 Leagues, onril ihe comes into the 
Latitude of 36^ o6\ I demand her Coorfe, and Pe- 
partore. 



40^00' 
jtf 06 



As the Diftance roa 105 Le. 2.02 1 ^89 

Is to Radias i o. 

So is the Difl; of Lat 78 i .892094 

To cs, of the Coarfe 42' i' 9.870905 



As 
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As Radiat to the Diftance ran 105 
So s. of the Courfe 42'' 01^ 

To the Departure 70.3 



LoztiSp 
9.825651 

1.846840 



The Ship's Coarre is SW b $ near | Wefterly^ and 
3 1 ' decreafe of Longitude. 



\ 



CASE V. 

The Difiance rufty diul Depdrture hirnggiven ; to 
fad the Courfe^ Md Difference ofLdtitude. 

Admita Ship in the Latitude of 40* S. and iaiU be- 
tween the N. aod &. 100 Leagues, until Ibe be departed 
from the iMcridiau 62 Leagues : Ideoand tbeumrir, 
pilTereDce of Latitude, and what Latitude the Ship 
is come to. 



As the Diftanae run 100 

Is to Radius 

90 is the i>eparture 62 

To s. of theCosrfe 3^"" 19' 



2^00000 
10. 

i.7P*39 

As 
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6^ Id 




As Radius to tbe iMftaooe nui too 
So CI. of tbeCoarfe 51*41' 

To the DUBrenccof Lttitnde 78.5 

40* oo' Lat. dq^rted from 
3 55 Diflf.ofLat.fabcr. 

$6 05 Ut. the Ship is come to. 



a>oeooo 

9*894^4 

1.89404 



Admit a Ship io the Latitude of i* Sooth, and 
fails away between the M. and W. 9^ Leagnes, anta 
ihe be departed from the Meridian 5^ Leagots. I de- 
mand her Conrfe, Difference of. Ladtodei and what 
Latitode flie is come into. 



As the Difttnce nn 9^ 

It to Radios 

80 is the Departare $6 

Jo s. of the Cporle 35* 41' 



1. 98227 1 

10. 

1.74818s 



M 



2<$8 



of NaVtgdiioni 



se le 




K^ Radia» to (be Diftance ran 96 
So cs* of the Covrfe 54^ i j^ 



2 54 Lat. Korth come to« 



Part If: 



t.982271 
9.909691 



To the Difif rencc of Latitude 7$ i .89 1 962 

3^ 54^ Difference of Latitude 
I 00 Lat come from fabtr. 



CASE VI. 

The Difference of Latitude^ snd the Departure ^e^ 
ing given ; to find the Courfe 4nd DifiMtce run. 

Admit a Ship in the Latitude of 20^ Sooth; and 
fails away :bec ween tbeKorth and Eaft until Ihe comes 
into the Latitude 16^1 5\ and be departed froQ the 
Meridian 59 Leagues. 1 demand the Courfe and Dif- 
Uac$ ra9. 

16 15 



3 45 Diff; Lat,=r75 Leagues. 

As 



Chap. 4. Of flain Sailing, 

As tbe DiflT. of Lat. 75 Leagues 
Is to Radios or Tangent of 45' 
So is the Departare 59 Leagues 

To the t. of the Conrfe 38" 1 1' 



26^ 

1.87506 

io> 

1.77085 

p.8p579 



59 le 




< .-- 



A*8.of the Conrfe 38^ 11' 
Irtb the Departure 59 
Sd^ is Radius r ' ^ 

To the Diftance ran 95.4 
The Coarfe is NEb N 4" 26' fialterly. 



9«79iti 

1.77085 
to* 

1-97974 



^ Adnit a Ship In'the^ LatittK^e -of ^^""^ l^ftb, and 
fails away betwem^d^e.Soqtb'ind Baft, until ihe 
comes into tbe Latitude i6^, and be departed from 
the ^f^dh^:64^ Leagues. I ^eanad her Gpurfe and 
Dift^Qpe ruiif. . . ; . : 



atf 



r " 



As theDiC of Li|t. 80 Letgqet 
Is to Radios 



•« « • • 



4 
20 

€0 



So IS the Departare 64 Leagues 
To t of tbe Coarfe 38" 40' 



t'90iOf 
10. 
i»8o6<8 

p.90309 
As 



2^0 



Of N4>^4tiiM. 



P^ 



a 1 




^4' U 



As s. of tbe Coarft 38*40' 
It to tbe Departure 6^ 
So is Radios 

To tbe Diftance ran 102*4 



i.8otfiS 
to* 

a. 01045 



S E C T. IL 

Sbmt^ hm /« rsf<alv9 s Trmfniff$ m hringfivtrd 

Comfit i»to 



A Ship in tbe Latitsde-ef 1 1* Kortli, is bonntf fcr 
a Port bearing doe Sootb i botbyreaibaof «ontnry 
Winds fills as fbHoweth, SWbS 30 Miles, S.33 
Miles, KNW f W 32 Miles, SW 39 Miles, SB 
9 Miles, £SB ii Milek What is ber Diflerenoe of 
Latitttde, Departure and dired Oeacft, and Dif* 



Goorfis 
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271 



I 



Courfti* 



S 

SV 

S£ 

£S£ 






30 
J} 



3 

o 

4 

4 






. 



MMi*i 






Summ-aup 
Sobtraft 

INffiereaee of Ladnide 



J 

13 






Lat. } Beportttre. 



S. 



t8«lrX 



14.94 
53.00 

4«xi 



E. I W, 



x^.^7 



C.3^ 

lO.Itf 



I f .08 



X8.l£ 



28.1X 



>*^«i 



^7.85 



l^.^^l 59.31 



Depar. 



41.^9 



By Cafe I. of Plain-Sailiag, find the Difiennioe 
of Latitude and Departure from die Meridbo, fn 
all the Coarfes and Diftances feveraOy i thus 10 the 
fitftof them tdere b given the CoarfeSW^S, that 
is 3 Points from the Meridian, and the Diftanoe rod 
30 Miles : Then as Radios to 30, fb is cs« of the Coorfi: 
to the Difference of Latttade ; and as Radios to 30, 
fo s. of the Conrfe to the Departure* Tiien ^ectufe 
theODdrfeis S. Weftedy, place the Dif&reoceiof La- 
titude 24.94 in the Sooth Column ooder S. and tiv De« 
prtire l6.s^ in the Weft Colonm snder W4 %hen 
Md the Difl^ence for die next Cour& ^bidi js^ and 
therefore the Difierenoe of Latitude sviQ be 39 the 
fame as the Diftance, which place under & and be- 
caofe there is no £afting nor Wefting, therefore there 
is nothing to put in the £aft or Weft CoImuis. 
Then for the next Co«fe, find the DiSerence of 
Latitude and Departtire by the hift Sed. Cafe I. 
as before ; and becaufe the Courfe is North Wef- 
terly, place the Diflference of Latitude in the N.Od* 
lumn, and the DepaftuK in the W. Cotona, ^aod fo 
proceed in aU the reft. 



Having 



27* of T^Vtgation. Part It 

Having fooDd the Difference of Latitude and Depar- 
tDre from the Meridian for each Coarfe^ and placed 
them in their proper Colamns \ add up the North, 
SoQtby £aft and Weft Colamos, and fabtrad the 
IQorth and South Colnmns one from the other, that 
is the leaft from the gfeaceft, io like manner the Eaft 
and Weft Columns. As in the foregoing Table, the 
Sum of the North Column it 28.22^ inbtraft from the 
Sum of the South Column 9^.07, the Remainder 
^7.85 is the Difference of Latitude Southerly: and 
the Sum of the Eaft Column f^.62)fttbtrafted from the 
Sum of the Weft Column 59.3<9 the Remainder 42.69 
is the Departure from the Meridian Wefterly. 

To delineate or draw a Traverfe by Scale and Com- 
palTes, Mr. Atkinfen in his Bpitomy gives us four 
Rules for finding the Angles between the Courfes ^ 
which are as foUoweth. 

Rule I. Two Meridians, and two Parallels; the 
lefTer Courfe fubtraded from the greater, gives the 
Angle between both Courfes« 

Rule 2. Two Meridians, andoneBftrallel} addboih 
Courfes together. 

Rule 3. One Meridian, and two Parallels ; fub- 
trad the Sum of both Courfes from 16 Points. 

Rule 4. One Meridian, and one ParaUeU add 8 
Points, the lefler Courfe, and the Complement of the 
greater together; the Sum is the faid Angle* 

Note I. Korth and South are called Meridians, and 
Eaft and Weft are called Parallels. 

2. By Complement of the greater Courfe, ,iinder* 
fiand how much it wants of 8 Points. 

3* To know the Meridians and Parallels, the firft 
and fecond Courfes are compared together, and the 
fecond and third, and the third and fourth, &€. 

la 



I 
f 



Chap* 4. Traperfe^Sailing. 27 j 

In the foregoing Example^ having fet down the 
Coorfes, the Diftances, and Points from the Meri- 
dian in the firft, fecond, and third Colnmns, in the 
fourth 0>laiDn pot the Points for laying down, which 
are fonnd by the four foregoing Rales, tbas : The 
firft Goarfe is ever the fame with the Points from the 
Meridian; for the fecond Coorfe it is 13 Points, 
found by comparing the firft and fecond Coorfes to- 
gether, in which are i Meridian and i Parallel, and 
by the 4th Rale it makes 13 Points. Again^ com* 
paring the fecond and third, and it is 2 Meridians 
and I Parallel, which by the (econd Role makes 2 4. 
Points ; and fo for the reft, as in the foregoing Table* 

By tbeie Points for laying down it is eafy to de«* 
lineatetheTraverfe, as in the following Scheme. 

Firft draw the Meridian NS, and on N draw an 
Arch with 60 deg. of Chords ^ on which Arch lay 3 
Pobts, and by it draw a S W b S Line, laying thereon 
the Diftance 30 Miles from N to A. 

Secondly, With a Chord of 60, and one Foot in A, 
with the other draw an Arch, on which lay 1 3 Points ; 
that is, lay 7 Points and 6 Points, and draw the Line 
AB, and upon it lay the Diftance 33 Miles : proceed 
after the lame manner with the reft. 



ii^oo' 



t 08 Di£ Lat fabt. 

9 $2 Latf come into. 

Having the Difference of Latitude, and Depar* 
tare, the dired Coarfe and Diftance may be thu^ 
found. 

As Diff: Lat tf7.8s i .83 1 5 5 

To Radius 10. 

So is the Depart; 41.7 1 -tf 3033 



i^muam 



Jo t Courft 3»' 1 1' ^.798 78 



*74 



of KAVig^m, 



Part II. 




V / 



\/ 






Ascs. Cfcorfe 57*^49' 
To DifT. Lat. 67.85 
So is Radius 

To Diftancc 80.17 



p.9275$ 
1-83 i 5$ 

ID. 

tmHmmmimmmmmmm 

I.904OO 



Sappofe a Ship in the Latitade of 4«*M, and is 
bound for a Port bearing NW h W and in the Lati^ 
tode of 50° 57', bat by reaibn of contrary Winds 
fails as follows, NK W 3 5 Leagues, NE ^ E 42 Le. 
WMWsSLe. W2oLe. KW^NijLe. l^iiLe; 
ENE as Le. SW* W 48 Le. N*E 31 Le. NNW 
i. W 38 Le« and W ^ K 45 Lcago«s : I demaod the 

Difl^ 



Chap. 4. Trdt^rfe^Sailing. 175 

DiffercQce of Latitade, and Departare ; and alfo the 
trne Coarfe and Diftance that 1 have made my way 
good, and alfo the true Coarfe and Diftance to the 
Port I am boand to. 



Gourict* 


1 




Differ. 


Lat. 


Departure. 1 


N. 


S. 


E. 1 W. 1 


NNV 


10 


5 
6 

8 
3 


3*-34 
*3.34 
14-54 

19.1^ 




34-9* 


13.39 
j5.11 

£0. 

ii.78 


N 


IX 





12. 








ENE 
N^E 
W* N 


4« 

45 


5 
I 

7 


14-9* 

50.40 

33-51 
8.78 


i^.tf^ 


5^.05 
^•05 


39.91 

44.4. 


Siunm'd up 
Sttbcraft 


188.95 


16.66 


77.00 
Depar. 


i8g.i4 
77.00 


Difference c 


fLati 


itude 


U£.19 


10^.14 



Find the Difference of Latitode and Departare an* 
fwerable to every one of the CoorfeS) thas ; 



As Radias 

To Dift. 35 

So s. Coor. 22^ 30' 

To Depar. 13.^9 

As Radias 
To Dift. 3$ 
So c8.Coorfe 



10. 

1.54407 
9.58284 

1.12591 



To Diff h. 3i«34 



T % 




2^6 of KaVtgathn^ Part VL, 

Becaafe the Coarfe is North Weftcrly, place the 
Difierence of Latitude in the North Cokmo^ and the 
Departure in the Weft Coluqio } and proceed after 
the fame manoer to find all the reft : then add op the 
fever a 1 Columns, and fubtrad the Sonth from the 
North, (the Sooth being the lefler.) And the Re- 
mainder 1^2.29 is the Difference of LatitodeNor- 
therly (becaofe the N* O)lomn is the greater) and 
fobtraft the Eaft from the Weft, the Remainder 
lotf.f 4 is the Departure WefterW. 

You may delineate the Traverfe by the Nor(hiiig| 
Soothing, £aftin( ^nd Wcfting, tho^f 



./ 



;is 









'^ 



k 






y 







u:'^ffi 



Chap. 4« Trayerfe^Sailinj^. 177 

Firll, draw the Meridian Line SN, then take 
32.34 from a Diagonal Scale, and lay it from S to 
r^)) and take the Departure 13.39 from the fame 
Scale, and let one foot of the CompaflTes in (4), anO 
with the other ftrike a little ftroke at h \ then take 
the Diftance 35 from the Scale, and fet one foot in % 
and with the other croft the former ftroke at h^ 
and draw S^; then draw he parallel to SN, and 
t^^ 23>34 the Difference of* Latitude, and lay from 
^tor, and take the Departure 34.92 ^ and with one 
foot of the CompaflTes in c, with the other ftrike a 
ftroke at if ; and with 42 the Diftance, with one foot 
in h^ crofs that ftroke in d^ and draw h d which will 
be N£ h B, and fo proceed with all the reft. But 
obferve, that if the Difference of Latitude be in the 
N. Column yon muft fet it upwards, and if in the 
S* Column it moft be laid downwards ; and if the 
Departure be in the E. Column, it muft be laid to the 
Right^'hand, but if it be in the W. Column it muft be 
laid to the Left-hand : alfo obferve, that the Dif-- 
ference of Latitude, the Departure, and the Diftance, 
always make a rieht^angled Triangle, as you may fee 
by the little pricrd Lines j upon thofe which reprefent 
the Meridians I hare figured the Difference of Lati« 
tnde, and opon tiiofe reprefenting the Parallels, or 
Baft and Weft Lines, I have figured the Depar« 
tnre. 

Then, by the Difference of Latitude and Depar- 
ture opon a dired Gourft, fay. 



As the Diffl of Lat. 162.29 1.21029 

Is to Radius lo^ 

So is the Departure 1 06.2 2.026 1 2 

To ttet. of the Conrfe if 12' 9.8x58^ 



T3 As 



/^ 



«78 Of Kitngsttm. Part 11. 

As the s. of the Coorft 33^ i^' 9*73843 

Is to the Departure io6.2 a.oi6i2 

So is Radias i a 



To the Diftaace ron 193*9 2.187^9 

Ascs. of the Coorre to the Port 33^ 45^ 0.2552^ 

To the DifT. of Lat. 1 1 9 ^^7555 

So 8. Conrfe to the Port s^ i %' 9-9 1 985 

To the Depart, at the Port 178.1 ^.x%Q66 

Kext, to find the Coarfe and DUlaoce from the 
Ship where the is, to the Port. 

45 00 



5 57=1 19 Le. 

itf2.3Diff!of LatattheShip 178.1 Dep. at the Port. 
1 1 9 DiC of Lat. at the Port iod,2 Dep. at the Ship. 



43.3 Difi; of Lat. to the Port 71.9 Dep. to the Port 

Then, As the Difi! of Lat. 43. 3 i .^3^49 

To Radios lO. 

So is the Departure 71.9 i«85tf73 

To thet. of the Courfe 58^ 57^ 10.21024 



Mi 



As the s. of the Coarfe 58** 57' 9.93284 

To the Depart. 71.9 ««8s^73 

So is Radius 10* 



To the Diftaace raa 83.9 <.92j89 

} So 



J 



Chap. 4. Ohlu^ue^Sailing. 279 

So tt^e Coarfe I have made my way good is 

N W b N nearly. 
The Dtftancenin ttp6ii the fame Coorfe is 193.9 

Leagues. 
The direa Coarfe to the Port is merely SWtW -JW. 
The DiftaQce to the Port I am bound bn is ti^.^ 

Leagues. 



SECT. IIL 

Oblique Suiting ; or the Do^rine tf Oblique^ 
MgitJt TriA99gles dfflied in Problems of Plain 
Sailing. 

TrMitn u Two Ships fall from the (ame Port^ 
the one fails ENB 85 Miles, the other Ej^ S fo far 
QBtil (be fiad the firit Ship bears NW i W ; I de- 
mand the fecond Ship's diftance from the Port, and 
the diftance between the two Ships. 

The Geometrical Protraftion of the Triangle is 
thus ; Confider firfl: that the Angle A is 3 Points, 
AD being ENE is 2 Points from the Baft^ and AE 
being E ft S is one 
Point from the Eaft s 
therefore * the whole 
Angle DAB is 3'Pointst 
wherefore upon A with 
dodeg.of Chords ftrikc ^ 
an Arch of a Circle* 
and lay npon it 3 points 

®r 33^ 45'j and draw the Lines AD and AE, aitd 
from A to D lay 85 i then the Angle E being 2 
Points, the Angle D muft be 1 1 Points ; therefore draw 
DE (b as to make an Angle at D of 11 Points, or 
i^3^45^fo is the Triangle finilhed: then if yoa 

T 4 meafure 




2 So Of T^lngatim. Part II; 

meafare DE upon the Scale of eqaal Parts, yoa will 
find it to contain 123,4, ^Q^ AE will be 184.7. 
The Trigonometrical Calcolation is thos. 

A$ s. of the Angle £ 22^ 30^ 0:41 715 

Is to the Side AD 8$ 1.92942 

So is 8. of the Ang. at the Port A 33''4S^ 9*74474 



To the Side DE 123.4. 

As s. of th^ Angle E 22^*30' 
Is to the Side AD 85 

So s. of the Angle D 123* 45' (or 56*? 
isO 5 



2.09132 
0.41715 

9.91985 



To the Side AE 1 84.7 2.2^643 

So the fecond Ship's Diftance from the Port is 
184.7 Miles, and the Diftance between the two Ships 
Is 123.4 Miles. 



2. There are two Ports that lie Eaft and Weft 
one of another ; one Ship fails from the Weftermoft 
Port NE 89 Leagues i the other fails from the 
Eaftermoft Port 80 Leagues, and there meets the 
firft : I demand the Conrfe fleered, and the Diftance 
between the Ports. 

Draw DE of any 
convenient lengthy and 
with tfodeg. of Chords 
one foot in D with the 
other firike an Arch, 
and lay G to F the 
Chord of 45^, and 
. - draw the Lioe DFj 

and from a Scale of equal parts take 89, and lay from 
D to F i then from the fame Scale take 80, and with 
one foot of the Compaflcs in F,with the other crofs 

2 the 




Ohap. 4« Obluiue^SalUng. iS i 

tiieLineDE in E^ and draw the LineFEj meafare 
%hc Angle £ by a Line of Chords, and the Line DE 
by eqaal parts. 

D reprefenfcs the Port, and Angle of the firft Ship's 

Conrfe. 
£ the fecond Ship's Port, and Angle of her Conrie. 
F the Place where they met. 

The Trigonometrical Calcalation is thas. 

As the 2d Ship's Diftance ran 80 8.09^90 

Is tos.of the iftShip'sGoorfe 4$ 



So IS the I ft Ship's Diftance ran 8^ 

Tothe 2d Ship's Coarfe si^'si^ 

4$ 00 



9.84948 
I '94939 

9.89577 



Sam 96 52 



Com. 83 08 

As s. of the I ft Ship's Coarfe 45' 
Is to the 2d Ship's Diftance 80 
So is the Angle F83'' 08' 



0.15052 
1.90309 

9.99^^87 



To the Diftance of the Ports 1 1 2.3 2.05048 



3. Two Ships fct fail from a certain Port, the 
one fails S ^ E 45 Leagoes, the other SS W 64 Leagaes. 
I demand their Bearing, and Diftance from each other. 



^4? 

455 



add 



1 80^ 00' 

33 4S 



1 09 Sam of the Sides 1 4^ 1 5 Sam of the anknown<<trs 



19 Difierence 



73 07ihalf Samt 



a8t OfNayngatm. Part If. 




As the Som of the Sides 109 7<$>tf2574 

Is to their Difference 19 1.278753 

So t. of t the onkaown ^:s^i'^Yi 1 0.5 1 8060 

To t. of half their Difier. 19 53 9'7S9387 

Sam 103 oo4.=theAngTJ 



liff. 43 i4r:rthe Aug. S« 

See Cafe 3* Chap. 4. Part i« 

Hetice the Courfe or Bearing from S to T is 
SB ^ E ^ B nearly ; then for the Diftance of the 
Ships from each other. 

As s. of the Angle S43'' 14' 0.1643x9 

Is to the Side RT 4$ 1.653211 

So is s. of the An^e R 33"* 45' 9-744739 

To the Side ST, the Diftance i6.$ i . $^2279 



4. If two Ports lie SW f S, and NE ft N, being 
diftaat one from the other 4^6 Miles, the Wind 



Chap. 4. OhH^ue^Sailing. 28} 

S ( Ey and t Ship £uls from the Korthermoft clofc 
upon a Wind 674 Miles with her Larboard-Tack 
aooard^ 316 Miles with her Starboard-Tack aboard, 
and then arrives at the Soatbermoft : I demand how 
near the Wind (he makes her way good upon each 
Tack. 

Note, That F reprefents the Northermoft Port, 
and E the Sonthermoft. 

By Cafe 5. Chap. 4* Part i. find the Angles. 



tf74 
326 



54 

272 

402 




J45tf 

"^^ ^ SZ6- 

The half Som 728 Log, Ar. Com. 7. 1 378^9 
Diff. of the half Sam and DF 54 Ar. C 8.267506 

DIff. of the half S.m .od g|j7j ^-434^5^ 

The Tangent of 59*03' lo'' is 20.444170 

The double x 1 8 06 20 =: the Angle DBF. 



The half Sam 728 Log. Ar. C. 7.137869 

ASi of the half Som and EF 272 Ar. C« 7'$6543i 

2,604226 

1.732394 



DifflofthchalfSamandJgl ^* 



The Tangent of i8* 19' ii^' is 19.039920 

The doable 56 38 22 = the Angle EDF. 

From 



184 of Navigation. Part IL 

From 1 1 8^ otf^ = the Angle DBF 

Sobc. 45 00 =: the Angle GEF, being 4 Pointg. 



mt 



n Am » « /^ C =sthe ^ between the Ship's Conrfe 
Rem. 73 00 ^^^^ the S * E Point, the id Tact 

Add ^6 38 s the Angle £DF. 



Sun 109 44 



/vm ». «c ^ = tiie ^ between the Ship's Coorfe 
com. 70 «> I gnj ihc s J E Point, the ift Tack; 

So the firft Tack was SW » W i W. and the ibcond 
TackisE^SfE. 



5. A Ship failing KW. two Iflands appear in light; 
one bears WNW, the other N. from the Ship ; and 
when the Ship had liuled 60 Miles farther, thefirft 
bears W ^ S, and the other ME : their Bearing and 
Dlftance is required. 

V reprerents one Ifland, and N the others 
S the Ship at the firft ObferratioD, and O the Ship 
at the iecond j then, 

N 




At 



Chap. 4^ OUuiut'SMliii^, 285 

Ast. of OVS 33" 4S' 0.255261 

IstoOStfo 1.778151 

So h s. OSV 22** 30' 9.582840 

■ . II . 

To theSide OV 41.33 1.61625^ 

60 



The Sam 101.33 



TbeDiC 18.67 

180° c</ 
145 1 5 = the Angle NOV 

33 45 = the Sam of the opp. Angles. 

16 52 1, half Sam. 

At the Sam of the. Sides 101.33 7>9942^3' 

Is to the DiffI of the Sides 1 8.67 1 .27 1 144 

So t. of t the Sam of the oppofitc Aor? » aO f «« o 

glcs, I6«$2't $5>.40i93? 

Totof^ th^Dif f x2 8.747346 

Sam 20 044r=the^OVN 



piff 13 40=the*fi:0NV 

As 8. of OVN 2o» 04' 0.4*453 3 

Is to the Side ON 60 1.7781 Si 

So is 8. of the Angle NOV i4<S' ij' (n"^^.^^^39 

To the IMftance of the Iflfods ^7.1$ i •987423 

The Coorfe, or Bearing of oiw Uhwd to the other. 
|sJ?EfBJ^yerynf.r7 



i%6 
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Part n. 



6. Two Ships fait from oae Port, the one lails 
Sby W, the other WSW, and arrires at two leveral 
Ports i the Weftermoft Port bears from the Bafter- 
moft M W k N : then if the Diftance mn of both 
Ships, and Diftance between the Ports, be together 
130 Leagoes, I demand them feveraDy. 

Aflame AB 100 i then. 



Ass.C78^4$' 
IstoAB 100 

Sof.As^i5' 

To CB aflnmed 84*77^ 




Ag^in; 
As S.C 78*45^ 
IstoAB 100 
So 8.845'' 00^ 

To AC aflamed 72.0^ 

84.775 
100 

Snm 2S6.ij3 



P-WI574 
^•oooooo 

9*919845 

K.9I827I 



P-9P» $74 
2.000000 

9.84948s 
x.8]79ii 



Al 



As 256.87; the Sum of the aflfumed Sides 2.409718 
Is to 1 30 the Sum of the true Sides 2.1 1 3943 

So is 100 the afluoied Side AB 2000000 



To 50.609 the true Side AB 1.704225 

Again, 
As 256.875 Ar.C 7.59028a 

Is to 130 2.1 13943 

So is 84.776 the aflhmed Side CB 1.928272 

To the true Side CB 42.904 i .63 2497 

Again, 
As 256.873 Ar. G. 7*590182 

Is to 130 2.1 13943 

So is 72.C97 the aflfumed Side AG i- 85791 1 

To the true Side AG 3^.487 1.562 136 



J. Coafting along the Shore I faw two Gapes of 
Land, the firft by the Compafs did bear North, the 
fecond WM W i then I ftood away N W » N 90 Miles, 
and then I find the firft to bear from m^ E^S, and 
the fecond S ^ £ : the Bearing and Diftanceof both is 
required. 

In the Triangle ABC, 

Ass. of ACB loi"" 15' Cor 78*45') 0.00843 

Is to the Diftance ran 90 1,95424 

So s. of ABC 45"" 00^ 9-84948 

To the Sdc AC 64.9 1.81215 



la 



2SS 



of T^yigation. 



Partn; 




In thcTriaiffileABD, 
As •. ADB 123 45' (or %^ i f^ 
Is to the Diftaoce nia 90 
So s. ABD ai" 3</ 

To the Side AD 41 4a 
41.41 



I otf.32 Sain of the Sfd^ 
23«|8DiffoftheSkk9» 



xBooo 



the^^PAC; 



<M>Soi54 

t. 954142 
9.582840 

1.617135 



•■ 



rm* 



1 1 2 30 901 Sum of the oppofit^ Anglo; 
|tfi)c;h9|fSaD; 

M 



Chap- 4. Ohli^He^Sailing. 2 g^ 

As the Sttfli of the Sides 105.32 7-97i38rf 

Isto the DifT.oftbeSid. 23.48 1*376698 

So t. of t the opp, Ang. $6^1%' io,i75io8 



To b of half their Diif. 1817 



9*519191 



• • »■■_»*- < 



Som 74 31 =: the greater Ang« 



«ii 



Diff. 37 58 = the leflcr Aug. 
See Cafe 3. Chftp. 4. Part i < 

As s. the Angle CDA 74' 3 1' 

Is to the Side AC 64^9 

So St of the Ang« DAC €'/' 30' 

To the Diftance of the Capes CD 61.2 i ^793 7 84 



o.oi (Jot 9 
j.8i2i5d 
9.96^6 1 5 



In the Triangle BCD^ 
As %. of the Angle DBC 6f 30' 
Is to the Diftaoce of the Gapes 62*1 
Sos» of the Angle BDC 49" 13' 

To the Diftance ffC 50.98I 

Agidn^ 
As s. of the Angle t>BC 67' 30' 
Is to the Diftancb of the Capes 6i.i 
So s. of the Angle BCD tf 3° i / 

To the IHftance BD 66. 14 



0.03438)^ 
1.793784 
9.87910* 

II I I* I I 

1*70737 ». 



6.034385 

1,793784 
9.950968 

<i r 11 ■ ■ 

i.77P»37 



So the iMftance 'of the two Gapes is 61. 1 Miles } 
And the Bearing is SW^S-^W, and NE^NiB. 
When I firft made the Capes, the Nortbermoft wa» 



noft 



U 



my 



zpo of N4i%4ju«tk Part lit 

my Piftance from the Movtbermoft was sapS Mijesy 
and my Diftancefrom tbeotbwr wastfai4Mi|ef. 

8. There are three Ship! of emal I^iftaoce ir<tm 
one Port» and boond Car Che fame place : The Bafter- 
iQoft is diftant from-tbt middiemoft 9^ LeagaeSt and 
bears SE ft E i the middlemoft is diftant from the 
Wefterm^ft 80 Leagtea, a«4 bears SW from her. 
1 demand each Ship's Coarle to the Port^ and how 
fiir they are diftant from it 

Thro the three Poiats A, B« and Q ftrike a Qrde^ 
wboft Center D repreftati the fon \ tkea dcevi ^ 
Seoiidiamecers DA, DB^aad PC» whick ikil be tjie 
Diftaace of each Ship froA tht tort. 

96 56^i$' 

80 4$ 00 

Som 17^ loi 15 Sam 
Di£ 16 78 45 Q»«sl, 

39 22f half 







Tte% 



Then, 
At Sam of die Side* 1 ^^ i.-HAdm 

btotbeirDUr itf lsSITi 

Sat'Of^tbeStanofthemMMfiteAMle > 



mmm^mim^mm 



Tot of 4 their dm: 415 8.87304 

Sam 43 g8 = BCA 
DiC ^s c^=BAC 
TlwfffbretlieCQorftfromCtoAis B^Np'ss' 

A$9.orAfAndeBC:;A4J'^' o.itfiiaj 

|i «> the Si4e AB^ 1.082171 

«o I. of the Aug. AJBq I oi« I $' (or 78- 45^ p.991 574 

To Oie Side CA I j<.4$ TTJoto 

MWi if^Hlif Diftafceof fihe twoSblps A anic. 

_ TJf Arch AFC b loa' 30' (being double to the 
Aegh ABC tor* ty hy f «rf. j. z*. los iV.) there* 
fpr$ Ao;t* 30' fobtraaed from stfo, the cemaioder is the 
igle ADC 1 57° 3c/ ; and becaafe the Sides AD and 
areeqoal, therefore the Angles 0AC, andDCA 
«re ec^oal \ and fo the Complement of 1 57** 30^ to 
i8o»j»»3o', the half whereof ix" If' istheAnde 
DAC, or ACD. Then, ^ 

As^^ofthe Angle ADC.57' W Cor«-| ^^,^,^ 

So s. of the Angle 1 1* 1 5' 9.29023$ 

To the SideCD (=s AD; tf9»$^ TSJIJS 

Which if the Diftawc of each Ship froiB the VOrc. 

U a T« 



191 Of KiVigatm. Part IL 

To find tbe Coorfe from C to D^ the Angle BCE is 
4}'' i^\ to ^hich add 1 1"" i s^ the Sun is i^ 53^ the 
AAgle BCD ; therefore the Coorfe from C to D is 
EiS i*2z' E. and the Coorfe from Ato D is W^S 
i"" 21^ SootherlYt and the Coorfe from B to D is S ^ B 
t* 21^ Southerly. 



S E C T. IV. 

C^CURRBNTSb 

TrMim i. Admit a Corrent mns Baft tf Miles an 
hoort and a Ship (ails Weft diredly againft it 6 
Miles an Hoor } I demand her compoond Motion. 

If the Corrent rons diredly contrary to the Coorfe 
of the Ship^ and the Motion of the Corrent be cqoal 
to the Motion of the Ship, it is evident that the Soip 
makes no way^ hot ftands ftin } for fo moch as Ihe is 
forced forward by the Wind, flie is driven backward 
by theQorrent. 



10m 



2. Admit a Corrent rons Baft fbor Miles an Hoor, 
and a Ship fails Weft 6 Miles an Hoor : I demand 
her compoond Motion. 

From the Ship's fimple Amotion 5^ 

* Sobtrad thefimple Motiofi of the Corrent 4 f aiff 

Remain the Ship's compoond Motion . 

Thos the Ship advances forward 2 Miles every 
Hoof. 




i. A Corrent fets Weft 8 MUes an Hoor, and a 
Ship fails Eaft diredly againft it 5 Miks an Hoor : I 
demand her compoond Motion. Here 



\w 



Chap. 4. 



Of Currents', 



Here it is etrideot, that becanfe the Carrent moves 
fafter than the Ship, the Current moft force the Ship 
backwards, the by the Log. Ibe appears to gain 
ground. Therefore, 



Rom the Corrent^s iimple Motion 
Snbtraft the Ship's fimple Motion 



8 

J^Miles. 
There remains the Ship's comp. Motion 3 



And tbos the Ship fafls a-ftern 3 Miles every 
lioan 



4. A Ship fails Eaft 4 Miles an honr, upon a Cor* 
rent wiiich feu £aft 5 Miles an hour : I demaad her 
compound Motion. 

Add the Current's Motion 

To the Ship's fimple Motion ^SMiIcs' 

That Sum is the Ship's comp. Motion 9 



5. A Ship (ails South 3 Miles an hour, where there 
is a Current running Eaft 5 Miles an hour : I demand 
the Sh^'s compound Motion, and which way. 




U$ 



As 



2b4 V TM^dim, . Part Q. 

As A« Side AB 3« tb« Ship^t motloi 0.477 ' » 
T« the Side BDc* AC 5, the Ctr. met o.69%97o 
So is Radius '<>• 

Tot. of the Aa|k BAD ^sf^t' looii «4^ 

Again, Ass. ofthc Angle BAD S9' 01' 9933*17 
To BD the Current's Biotiofl J ©.«s'J*97» 

So is Radius 'o* 

To AD the Ship's compound Motion 5.83 o.7<ff7ji 

Heiice it app&if « that tire SHp*s Coarfc is SB ^ E t 
B, and her horary Motion is 5.93 MileSk 



» ik • 



^mmmmmm 



X ' " - ' * *' .....^ 



6. A Ship lails Ball 4 days together, by Log. 480 
Miles, Where there is a Correat fcttiog all this whde 
CO the SflWh 1 1 Mileit etch hour » I dentad her A9r 
gle of f)efle&ion, and compound Modoo. 

2.5 As BD 480 (itt the formtr Figiire) s.tf Sx24i 
i4 IstdBAi4(>^ . ».>«»»ii 

...^ So is Radius * 10. 

i6o * ' * ' 

50 totbetangencof tbeAi)gle6£>A^ 94^9^^ 



60.0 ' 

4 Again, 

As8.oftheAnfeleBDA26'3$' 9.550*87 

240 Is to BA 140, ate CurrenlH Motion a.380211 
So is Radius 10. 

To the Ship's comp. Motion 537 2'7a99}4 
Hence the Ship's Courfe is £SE 4* 3' Southward. 

7. A 



Ch^p. 4. Merc^tOtV Sailing. i^i 

7. A Ship (ails Ita 8 tioors firotn a certaio Cape to- 
wards B, bearing South. iS Miles by Log. in a Current 
fettiog to the Eaftward ^ and then obferving the Taid 
^ape, {be finds it to bear VVKW. I demand how 
&lt the Current fets, and the Ship^s true Diftancb 
ran. 

ta the former I^gare, 

As s. of the A Qgle ADfi xr %d 0.4 1 7 1 60 

Is to AB 18 MUM i.2;5272 

So b «. of the Angle BAD 6f %cl 9.96^61 5 

To bb 43i4<^» the Ct^tttnVs motion 1.638047 

Which divide by 8, the Qpotieat is 5.43 Miles, the 
hourly Rate. Again, 

Ai 8. 6f At)B 12" 30' 0.41 7 1 60 im 

U 16 Ab t« Miles, the Ship's MotlbA 1.25527* ^^"^ 
So is Radios lo. 

to the Sbip*i cotnp. Motidii AD 47. 4 i .67243 2 



SECT. V. 

Of Merc At OR*/ Ssiliag, 

To find the meridi6nal Difllerence of Latitude, 
or the Difference of Latitude in meridional Parts. 

I. If one Place be^ under the Equiaodia), and the 
othfcr in Korth or South Latitude ; the meridional 
(arts in the Table anfwering tp the Degrees and 
Minutes of the Place with Latitude! is the meridional 
Difference of Latitude. 

U 4 Or 



ip^ Of KAlngatim. .Pan II, 

Or by the Meridian line upon Gmner^s Scale, look 
for tbe Latitude of the Place io the Meridiaa Line^ 
ind right ^g^lnft it id tbe Uoe of eqaal Parts yoo 
have tbe meridional Diflerence of Latitude. 

f^xMrnjle, If one Place be ooder the Eqotiioftial, 
^Dd the other io i%^io' North Lat« 1 detnaod tbe 
meridional Parts of the DiffereDce of Latitude. 

^n[w. Tbe ^neridional Diflf. of Lat. is ^281. 

Qy Gvmir\ Scale* 
Extend the Compaflcs from the beginning of the 
Meridian Line to ss^'so'i then meafure that extent 
opon the Line of equal Parts, and yon will find it 
^8% which brought to Minutes by multiplying by tfo, 
}t will make 22809 which is i lef^ than by tbe Table* 

2. If the two Places be both in Korth, or both in 
3outb Latitude \ fubtrad the meridional Parts of the 
lefler latitude from thofe of tbe greater^ and tbe 
Remainder is the meridional Diflerence of Latitnde. 

£xamfli. 

Mer. Difl: Lat. 268g 



By (jumerh Scale, 
Extend ^^^nr Compafles from 1 3^ to 50^ upon the 
^leridian Line, and meafure that upon the Line of 
equal Parts, you will find it 44^9^ which mnltipUed by 
tfo makes 2688, 

3. If the two Places bjiTe one-Korth Latitude, 4Dd 
the other South ; add the meridional Parts of both 
Latitudes together, tbe Sum is tbe Diflerence of Vt- 
tUod( in meridional Parts* 



chap* 4* Mereacor'5 Sailing. 197 

ExMHfltt 

The Sam is the Merid, DiE La t 1 7^0 

By GtM9r\ Scale. 
Extend yoor Compaflet from the beginning of the 
line to 13% and lay that extent upward from i6^| 
keep the nppermoft Point where it falls, and extend 
Che other to the beginnui| of the Line ^ that extent 
meafured a|>on the Line of equal Parts,it will be 29.3. 
¥rhich mnltiplied by 60 makes 1758* 



. " ■ fmm^^^mm^^ammmm | i ■ « y ^ i ^ 



C A S B L 

Both iMitudeSy and the D^tnnee of LongitaJt 
iitv^een any two Plscisgivim ; to find tbf Courfi 
4ndDifiMct. 

What is the Conr(e, Diftance and Departure be* 
tween the UfL^rd and BarhsuUis f 

""'"'"""""^ ^^i^B^MMB^ tm^^mm^i$^ 

Diff! Long. 52 3oDifilLa.37 00 M.D-L.2tf93 

60 60 



3150 2220 



As the Men Difil Lat 2tf^3 343024 

Is to Radius xo. • 

So is the DI£ Long. 3 1 50 3.4983 1 

To t of the Courfe 49^ 28^ 10.06807 

So the Coorfe is SW t W nearly. 

In 



l^t 



OftWgatm* 



PittttL 




JDiJ^ Lonff 3JfS0 



B 



la the Triangle CDE is gvnn the proper Difi- 
Dceof Lac. 2220, and tD(sO>arte BCD 49** id's to 



rence 

fiad fiC the Diftaoct. 



th6 cs. oF the Cotlrfc 49* 1^ 
To the proper Diff of LaL 1220 
SoisfUdiiU 

To theDiftance ran £C 341^ 

Ai Rtd. to the Diftiate fiC l4i« 
,So 8. of the Coorfe 49' 2$' 

To the Dtpa^rc ED 259^ 



$.81284 
to. 

3-5J3S« 




CASE 



Chap. 4* MttC9Xot*s SiitUr^^ 



19^ 



C ASS IL 



Dtjfereiue if Longitude^ mJL Defdrtmre re» 
qMind* 

A Sbip in the Latitude 62*45' North iaik S E» S 
tifllbe comes into the'Lititode 55* icf Kof cb ; 1 de- 
mand the IMftance not Diff* of Lon^tode, and De« 
i>artare> 

1 15 Mdr.Diff.Uc. 851 
tfo 

IMff La.435 

As es. of tbe Otarfe 5^ 1 )' C£D 9*9^^ 
Is to the );>roper Dilf. of Lat.43 j DC ^.^sM 
Soil Radios 10. 

To the Diftance roi 513.1 IC MiStfj 




As 



^00 of TM^atiott, Part IL 

M Rad. to Mer. Diff Lai. 852 BG 2.93044 

So c. of the Co^rfe 33' 45' BCA p.82489 

To the Diff of LoBgitede ^69.3 BA 1.75533 

As Radios to the prop. Diff Lat. 43 5 1.63849 

So is t.of the Coarfe 33** 45^ DC£ 9.824^ 

To the Departare 290.7 DE 2.46338 



CASE ni. 

Bfitb iMitudes Md DiftMee vivtn ; the Qmrfe^ 
Dtfsrture^ *nA Difftrtm* cf Longititde refund. 

Admit a Ship fails from the Lixuatd in the Latitade 
50* North, to Tm Rtyal to Jmhmca ia the Latitude 
17" 40' North, the Diftance fuppofed to be 4000 
Miles ; I demand the Goorfe, Pifierence of Lftpgitndf, 
fad Departure., 

31 30 Mer«diC 2397 

60 I 

Prop. di£ Lat 1940 

' As the Diftance ran 4000 EC 3.^020^ 

Is to the proper DiflT* of Lat. 1940 DC 3.28780 
So is Radios lo. 

Toes, of the Goarff 29^^01^ DEC 9*^8574 

So the Conrfe is WS W ^ W very near« 

As 



Ohap. 4^ Mercacot i SMlmg, 



zoi 




Ai Rad. to the Diftance ran 4000 EG $.60206 
Sot. of the Coorfe 60* 5^ BCD 9.^417$ 



To the Departure 3498 ED 

At the proper Diff of Lat 1940 DC 
It to theMerid. Diff of Lat. 2397 fiC 
So it the Departare 3498 ED 



3.54381 
6*71 120 

3'37967 
3.54381 



To the Diff! of Long^tode 4322 AB 3.63 508 



CASE IV. 

Boih iMttuies smi DefMrttire givep ; tht Courfi^ 
DifiMcty Md Differeme tf. Lm^ituiU rejuireJL 

A Ship in the Latitude 50^ ic/ Kortb, andLongt- 
fade f x4 Welt, ftiis Soath Weftward cid her De- 
partare be 789 Miles, and flie be in the Latitude 39^ 
20^ North} I demand the Coarfe, Diftance, and 
Loflgltadc ihe is In. 



SO* 



3ot 



()ftMgiiiuai 



^mH 



55*;f|utltadc|fJ»^|McrkLp.m 



920 Mer. DiC Lat 



10 fo 

^o DUE Lai 



At the proper TM. of Ut ^50 
k to the Departore 789 
SoistUdios 

To t* of the Covrfe 50* %i' 

SotbaCoarfthSWiW. 




Af t. of the Goarfr BCD Vf fi' 
la to the Departare 70^ BD 
Soi$- " 



To tfteDiftaMaBVB ISC i«a» 



i.8f7o8 
10. 

IQ.O94I7 



9.68751 



10. 



3.0«rtT 



*i 



Ai 



C!hap« 4. Mercator'f $ailhyr, ^031 

As the proper DiK Lat CD 6$o 7, 1 8709 

Is' to the Departure ED 789 2.89708 

So is the Merid. DiE Lat. BC 920 2.9^378 

To the Diffl of Loogitade AB 11 1.7 3«0479S 



^i 



18 37 
The Loogitade come fronii add f 24 

The Loogitade the Ship is ia ' 24 01 Weft. 






C A SB V. 

One iMttuie, Coiirfiy 4uU Di^Mee given ; to 
find the Dipreiui of iMitude^ D^ereme tf 
htntitudey dwd j^ftntme* 

A $htp in the Latitade of 42** 30^ Koxtbt aod Lon- 

fjitode 18° 31', (ailsSEv^ S%9* MSes) I deflatnd the 
.atttode, and Loog^tode of the Ship, and-how mach 
(be is departed from the Meridiao. 

As Rad. to the Diftaoce CB 591 2.771 ^7 

So is €s. of the Goocft 56* t%^ 9.919%^ 

Tb^titt DiSI Lat. CI>49M 2.^91433 



8* 1 1' 



tat. departed htm 4*° 30' Z m^ .^rt. J »8»2 
DUELat.fobtraa 8 ii ^^•^'^•«2i9$ 

Latt the Ship Is ia 34 19 Mendiff. 627 



Al 



3«4 



Of ^ZnVi^itffOff . 



Pare IL 




At Rid. to t. of the Goor6 33*45^ 
So is the Mcr. di£ of Lat. 6vj 



To the difflLoo^tade4i9 

At Rad. to the Diftance nm CB $91 
So it t. of the Goorie DC£ i^ 4s' 

To theDepartare 318.3 DB 

The Longitade departed, from t8" 31' 
IMArence of Lon^tade add 6 59 



9.82489 

Z.61Z16 

a77i58 

9^74474 



The Longitude of the Ship 2$ 30 



C A SB 



-Ch^p- 4. MefcatoifV Sdilirt^. 



3oy 



C A S E VL 

Oae Ldtitudfy pepdrturej 4nd Courfe giifen ^ to 
fnd the Difidncey Difference of Lantude^ Md 
Differ fmce of Longitude, 

A ShU) fails WSW fr6rt a certain Port in 5</ i o' 
Kortb Latitode^ and Weft Longitode "fi^'y until 
her Departure frotti tbe Meridian be 957 Miles \ I de^^ 
fltand ber Diftance run^ and tbe Latitude and Lon* 
jptiitfe ike is in. 

Lat. departed from yo^ xc/ 
BiC Lat4 fobtr. 6 i6 



Lat the Ship is ia 43 34 
Mer. parts |4m 

Mer. difi; Lat. tftf 7 




At «. of tbe Conrfe ECD6fio' 
Is to tbe Departure £D 9$7 
Soil Radios 

To the Diftance roa i^ifM fiC 

X 



9.06 $61$ 

1.9809 il 



to. 



iMfihkMMPtrfcki 



1*4 



3,015297 

AS 






^o6 OfKaVigaum. Part IL 

As Rad. to the Diftance EC loj 5.8$ ' S'Ol%^sl^ 
So is the cs. of the Conrfe C£D 22** 30' 9.582840 

To the Difierence of Latitude CD 39^'4 2.598 1 57 

6° 36' 



As the proper Diff". of Lat. CD 39<^.4 7.40i8<S3 
Is to the Departure ED 957 2.980911 

So is the Merid. Diff: of Lat. CB 66i 2.824126 

To the Diif. of Longitude AB i6io ^.106901 

^ Longitude departed from 5^ 24^ 

DifT. of Longitude add 25 50 

IP ■ ■ ■ • 

Longitude the Ship is in 32 14 



CASE VIL 

One Ldtitudey Difidf§ce^ dnd ^Depdrture given } 
the Courfe^ Difference of Ldtitude^ dnd Diffe^ 
fence of Longitude required. 

A Ship in the Latitude 49'' 30' Korth^ and Weft 
Longitude 14'' 30^^ fails South Eaftward 645 Miles^ 
until her Departure be 500 Miles ^ 1 demand the 
Courfe failed, and the Latitude, and Longitude the 
Ship is in. 

As the Diftance CE 64$ 2.209^6 

To the Radius 10. 

So is the Departure 500 2.59897 

To s» of the Courfe 50"* 5a' 9.8894^ 

Lat* 



Chap. 4- McTcitots Sailing, 

Lat. departed from 49 30 
DiCof Lat. fubtr. 6 47 

Lat. the Ship is ia 42 43 



lor 




As 

Socs. 



34a8 



Rad. to the IMft; mn CE tf45 2.80^5^ 1839 cSi 
cs. of the Coarfe 39" 10' 9.80043 — . r »: 



To the DiC of Lat. CD 407.3 2.60999 

As the proper DiE of Lat. CD 407.3 

Is to the Departure DE 500 

So is the Merid. Di£ of Lat. BC $3p 

To the Die of Longitodc 724.7 AB 

Longitude departed from 1 4* 40' 
DiC of Longitade (obtr. 12 04 



7.391" 
2.69897 

2.7701 1 



■Mi 



2.860 tj> 



Long, the Ship is ia 



w 



2 36 



Xi 



C A SB 



}oS 



Of Z^Vij;4<0H< 



Pare a. 



CASE VIIL ^ 

One Ldtitudiy Qcufft, mA Difftreme of Ut^itmde 
given', tofnitheD^emee of iMitudef Dtf- 
t*»ee^ dud Deforture. 




Deptr- 

tore* 

Longitude the Ship is in ii'iS* 

Loogicade departed from $ 24 



52 oz 
60 



iff. of Loogitade iti% 




Ast.oftiieCfori«$^i5< 

I« to Radios 

So is the Die of Longitude 3 1 22 

To tlie Met. Diffl Lat 2o8tf 



i<k.t7$oi 

IQ. 

3-49441 

3.31541 



As 



Cfiap. 4. Mercator V Suiting. 

Ascs. of tbcCoorfc 33** 4S' 
Is to the Difn Lat. 1643 
So is Radios 

To the Diftanot 2958 



509 

i^74474 
3'2i5?4 

10. 



3.47090 



As Rad. to the Diftancf 2958 
So is the i of the Coorfe 56"" i 5^ 

To tbt Departure 2459 



3.47090 
9.919^5 

3-3907$ 



Lat. Lizard 50^ 10^ 3490 Mer. pirts. 
Mcr. diC Lat. fubcr. 2o8« 

Remains 1 404 

Look 1404 in the Table of Meridional Parts, ard 
agaiaft it you wiQ find 22''47'9 the Latitude required. 

From $0" 10' 
Sabtr. 22 47 

60 



Lat. 164} 



Xj 



SECT. 



JIO 



Of ^Vtgatmt 



Part K 



^F* 



SECT. VL 

# 

Of Sailing upon a ^aralkif. 
C A S E t 

The Difference of Longitude^ And Difidnee of two 
PUces in the fame Ldtitude being given ; to find 
the Latitude. 

A Ship fails doe Weft 250 Miles, and then finds 
the DifTerence of Longitude 6^ 10^; I deniaa^ th^ 
Parallel of Latitude. 60 



■^ 



370 

To delineate this hi the flaip Scale. 
I. Draw the prick'd f^xa\ BC with the Sine of ^w ^ 
one foot being in the Point A, to cat the Line AQ 
in B. 

2. On B ereft the prick'd Ptr- 
pendicnlar B r, and thereon lay 
the Difiference of Lopgitade 37a 
from A to^. 

3. Draw the prick'd Line A r, 

4. Then with the Diftance in 
the Parallel 250, with one foot 
in the prick'd Line A f, qioved 
upon that Line till the other foot 
tnrn'd abont wiU but juft tonch 

the Line AB; and where the former foot reltetfa^ 
vhi(:h |s a^ #, there jftay it. ' 

|. Take 
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5. Take the neareft Diftance from e to the prick'd 
Line B r, and lay that Diftance on the Line AB from 
B to D, and draw the prick'd Line D e. 

6. Lay the Difference of Longitude on the prickM 
Arch made with the Sine of 90% from B to C, and 
draw the Line AC^, alfowith the Diftance AD, and 
one foot in A^ draw the prickM Arch D£ to cut AC 
in B ; likewife draw Lines from B to C, and from 
Dto B; meafure AD upon the Line of Sines, and 
yoD will find it 42^ so\ which is the Complement of 
the Latitude *y fo the Latitude is 47^ 30'. 



Then, 
As the Difference of Longitude EC 370 
Is to Radius AB 
So is the Diftance failed DB 250 



2.56820 
10. 
2.39794 



Tos. of 42"* 30' AD, the Com. oftheLat. 9.82974 

We may demonftrate this and the two following 
Cafes thus. 

Let AB (in thtf following Figure) repreftnt an 
Arch of theBqnator^ Pthe Pole of the World, and 
AP and BP are Meridians each 90 degrees, CD is.aa 
Aif:h of the Parallel of Latitude the Ship fails in, 
CA beins 47"* 3<>' the Latitude, or Diftance of the 
Parallel ^om the Eqoator ^ and CP is the Com* 
plement 42° 30^ 

Then AF is the 
Sin* of the Arch A P, 
andCEis the Sine of 
the Arch CP. There- 

of the firft Part, 

As AF (the Sine 
of9o'') is to AB (the 
Difference of Longi- 
tude) fo is C£ (the 
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^inc Complement of the Lacitadt) toCDf (the Difv 
faoce) and the contrary. 



CASE ir. 

^he Difference of Longitude between two Pisces /« 
she j4Me l^titnie given ; tofnd their pijlsnfe. 

The Diftance between AUrtinic^ and Cdfe Ferdi is 
required. 

From 54*5oSw^-„ ^^^timcefw^^ , t^^ 
pifl: 43 2o = 2(5oo Miles. 



■•^ 



As R^d. to the DifTerence of Long. 25oo 3-41497 
^ is the cs. of the La ti cade ts"" 10' 9.985x8 



To the DiftaQCf re^Mired ijia-} 



3.40025 



The Delineatioj) of this 
i$ fo eafy9 that an; one that 
knows how to delineate 
the laft^may delineate this. 
For it IS but to take the 
Sine of 90% and qpoa A 
ftrike the Arch 9C| and 

^D upon that lay the Dift- 

J?<^.<?.. ...;:::::■•■ B i^cnce of Longitude 2tfoo, 

and draw the Lines AC 
^nd PA \ then with 75"" 10' of Sines, ftrike slif Arch 
^P, and draw the Line ED, and meaf^r« it upon tb? 
Sfalc^ §11^ you will ftfld it ^513. 

CASi; 




C A S E III. 

Tht Difiinee bttwm two Viutsi» tbefimePd^ 
rdHel g$v«» \ to find the Differeme rf Lo^gitude^ 

The Difonoe betweeo ^ Lizard and Fa^m* 
jtUmd being 1841 MUet, and being both in tbeXati- 
iode of 50% what it the Piffereact of Loogitode 
be 2.1 them? 

A« c%. of th« Latitude 40' 9.80807 

Is to the Diftancft 1842 %^%^9 

So is Radios *<'• 



^mrm 



To the piffireoce of Lonfr X%66 3.4S72« 




47 4^ 



A .^ 



Aofwer. Th« piff of Long: 47 4« 



S j:CT, 
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s E c r vn. 

Of Saiftng hy Middle Latitudey 

Or d Trafartion irswn from the Middle Latitude, 
nearly ngreeifig mth Mehcator.*^ Sailing. 

To find the Middle Latitude* 
Always add the Latitude you are come ftom^ to 
the Latitude yoa are come to i half the Sam is the 
middle J^atitadt. 

CASE I. 

Both Latitudes^ and Difference cf Longitude^ of 
two Places given; to fftd the Courfe and Dif 
tdnce. 

A Ship (ails fropi the latitude 45^ 30^ Norths be- 
tween the North and Baft, tiQ flie arrives in the Lati* 
tode 50"" I o^) and then finds her Difference of Longi- 
tade 8^ 16^ } I demand her Conrfe and Diftance* 

This way by middle Latitude depends opoo this 
following Theorem. 

As the Co-fine of middle Latitade 

Is tq the Tangent of the Coorle ^ 

So is theDiff*. of Latitade in Miles, or Leagaes^ 

Jo the Diff! of Longitade in Miles, or Leagues, 



r 



Ghap. 4. 

8* 16' 
60 



Sailing ly WMe LatUude, ) 1 1 

so" 10' 

45 30 



49<f s^Diff.Loog* Diff*. of Lat. 4 40 =:2$o 

TbtSom 95 40 

The half 47 50 = Mid. Lat 

To delineate this, 
I. With the Chord of 6o\ and apon the Center C, 
ftrike the Semicircle, and draw the Diameter AF i 
apd dr^w OD at right Ang)es thereaqto, 




i. Set the Difierence of Latitode from A to B, 
and draw BI Perpendicular to AF. 

3. Set the middle Latitode from O to K and L i 
and draw KL to cut DBin H; make CE equal to 
CH i and make EF equal to AB, and draw FG pa- 
rallel to BI^ and fet the Dfflerei\ce of Longitude given 
from F to G^ and draw the Lipe EG to CQt OP ia 
the Point D. 

4« Lay a Ruler upon A and the Point D, and draw 
the Line ADL to cut BI in U fo Qiall Al (bei|ig mea« 



ItS of Na-pigitm. Pan If. 

fared opon the fame Scale of equal Pvts, diat AB 
and FG were laid dowa by) fliew the Diftance re. 
quired i aod tbe Angle BAI is the Coorle, and BI the 
Departofc 



A« the Diff Lat. BFssAB i8o 7.«28ai 

Is to tbe DiC of Long. FG 49* itfocJi 

So is C9. of tbe mid. Lat. EC=CH 42* 10' p SiSoso 



To the t. of tbe Coarfe CD 49* 56' 10.0752^4 

As cs. Coorfe 40« 04' AIB 9JB68669 

To tbe Diff. of Ut. 280 Zaatji <8 

So is Radius 10. ^ 



.To the Diftance ran 43$ 2.^38489 

As Rad. to the DiiEof Lat 280 2.447158 

So is tbe Tangent of tbe Goarie 49* 56' 10.075254 

To the Departure 333 BI 2.52241 2 



CASE IL 



PiffertHce of LongitMdty smd Dtfrnwre reared. 



A Ship being in the Latitude of 3 2^ 00' ,,„.^ 
Jails Nl^W ^ W. until (he arrives in the Latitude of 
3* isf \ \demand tbe Diftance, Difference of Lon- 
gitide, and Departure; 



tae. 



Cbap* 4* Meicator s SMn^i 

ljj( S>*'3^i«»'3^' the Sam. 

31 19 nuddlcLa^ 



60 



iS^SiCLai: 



%^T 




Ascf. of middle Lat 31** i^ 
I«to theDiffof Lat. 159 
So t. of the Goorfe 30* 5^ 



As cs: of theCoorle $9* 04' AIB 
Is to the Diff. of Lat. 1 59 AB 
So is Radios 

Jo the Diftooee 185:4 Al 



0.06838^ 
2.201 397 
p.777628 



To the DiC of Lo^tode 1 1T.5 2x>474t t^ 



9.9333^9 

2.201397 

10* 



Al 



jiS of Kayigatimi FartH. 

As Rad. to the DiS*. of Lat. 1 59 2^01397 
So is the Taog. of the Goarfe 30** %6' B Al 9.777618 



Jo the Departorc 95.28 BI 



«M« 



1.97902$ 



CASE m. 

Both Ldtitmdes 4md Difisme given ; the Ctmrfe^ 
Difference cf Longitude^ dnd Defirture required. 

A Ship in the Latitade 45"" 10^ Korth, fails between 
the North and Baft pntil flie arrires in the Latitade 
50^ 3o^> and then finds her Diftance ran 195 Leagaes: 
1 demand her Coarfey Difference of Longitode, and 
Pepartare. 

DiffLat $ 20=310 '^'7 5<'=Mid*L; 




U 
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As the Diftance Al 585 Miles 2.7^7 if 

Is to Radios 10. 

So is the DiSl Lat. AB 3 10 3.491 35 

To the cs. of the Coorfe AID 32^ 00^ 9.72420 

So the Coorfe is IHE bE i"" 45' Eafterly. 

As cs. of the middle Latitude 47" 50' 0.17307 

Is to the Difference of Latitude 3 10 2.491 35 

So t. of the Coorfe 58"" 00^ io.2042i 

To the Difference of Longitude 739 ' 2.858^4 

As Rad. to the DiffI of Latitude 3 1 o 2.49 1 35 

So t. of the Courfe 58^ 00^ 10.20421 

To the Departure 49tf.i 2«^P557 



CASE IV. 

Both LstitudeSy Mi Departure given ; the Ctmrfey 
Difidncey and Difference of Longitude required. 

A Ship in the Latitude 40^ 30^ North, fails be« 
tween the Morth and Weft till her Departure is 
450 Miles, and then finds her Latitude ki'^xo' t I 
demand her Courfe, Diftance, and Dimrence of 
Longitude. 

5''j°'eSum9i' so' 
4^ 30 S 1 L 

10 $0=650 45 55 Mid, Lat« 

As 



3ZO 



Of TMig^tmu 



Finn. 



AstheDiff Lttl.AB tffo 
Is to the Departure fil 450 
S« it Radius 

To t. of tlie Goorft ^^^^ 



10. 

9184030 




As cs. of the middle LititDde 4^ 55^ 
Is to the t. of the Coarfe BAJ 34** 42' 
So is tbeDiS:of Lot. AQ^so 

i 

To tile DHf! of Long. BO 6^45.8 

As the cs. of the Coarfe 5 j* 18' 
Is to cbe Diff! of Lac. tf 50 
So is Radiis 



To the Difta«»raB[ 790.6 



m 



9*84030 

2«8l29t 

9.9149$ 
2.81291 
to. 



^8979^ 

Hi l l II I ■ 



The Coarfe is NW *N o" 57^ Wcfterly. 



C ASB 
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C A S E Vi 

OMe LMtftt/de^ Comrfcy MdDifiMce pi/en ; to find 
the Differemee «f lutitudei Diffmnte 0/ Z^«* 
gitude^ *$$d Deftirturt* 

A Ship beiog in the Utitode 39* 40' Korth, (ails 
NWirW 540 Miles : I demand what Latitade (he is 
now io, and her Differeace of Longitude and Depar- 
tvie. 

Ntt*, Yoa moft find the Di^reace of Latitodtf 
before yoa can draw the Figoret 




As lUdi to the Dtftance ^40 
Seesiof tbeCoorfe 33° 45" 

To the Difi: Lat. 300 



lAt. cotiie from 39"° 40' 

ViR of Lat. add ) 00 C Sum of the L. 8/ 20' 



9-74474 



a I* 



ti477i3 



Lat come into 44 40 



*Half 42 io:3fem.Li 
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As cs. of the middle Lat. 47^50' 0.13007 

Is tot. of theCoarfeBAl $6^15' 10.17511 

So is the Diff. of Lat. AB 2.47713 

To the DifF: 6f Long. 605.8 GF 2.78231 



As Radios to the Diftance At 54O 2.73239 

Sos. of thcCoarfe 56*" 15' 9.91985 



«Hi* 



To the Departure BI 449 2.65224 



ii*flrita 



CASE VI. 

One Latitude^ Departure^ and Coarfe given ; the 
Difference of Ldtitude^ Difference of Longitudi 
dnd Dijiance required. 

A Ship from IJsben in the Latitude 38** 50' Kortb, 
fails SW b W until her Departure be 560 Miles : I 
demand her Diftance run, Difierence of Loogttade, 
and what Latitude Ihe is in. 

As s. of the Courfe 56° 1 5' 9.919S5 

To the Departure 560 2.74819 

So i^ Radius 10. 



To the Diftance 673.5 2.82834 

As Rad. to the Diftance 673.5 2.82834 

So cs. of the Cdurfe 33" 45' 9.74474 

To the Diff. Lat. 3^4 2.57308 

The 



ftt Cliap. 4. Sailing by Middle Latitude, j 2 j 




The Lat come from 38^ $0^ Sura of the Lat. 7 1** 1^ 
DiffI of Lat. fubtr. 6 1 4 « 

■■ ■■ Middle Lat. 35 43 
Lat. come into 32 35 



As cs. of the middle Lat. 54^ 17^ 
Is to t. of the Courfe 56*" 1 5' 
So is the DiS! of Lat« 374 

To the Diff! of Long. (J89.7 



0.09049 
10.175 c I. 

2.57308 
2.83858 



C A S E VIL 

Of$e Latitude^ DiftanCBy dnd Depdrture given; 
the Difference of LaMude^ Difference cf Lon-^ 
gitude^ dnd Comrfe required. 

A Ship in the Latitade 38*" 40' Morth, fails be- 
tween the North and Welt 650 Miles, and then finds 
her Departure 546* Miles : i demand her Conrfe, 
Difference of Latitude, and DiSerencc of Longi- 
tade. 



Y 2 



As 



3H 



0[ Nay'ts^atiorL 



As the Dil^aocc 6^0 
U CO the Departure 546 
So is Radias 

To s. of the Courfe 57*" 08' 



Part IL 

2*8l2pl 

2.73719 
10. 

9.5^2428 




As t of the Conrre p^oV 
Is to the Departure 546 
So is Radios 

TotbcDifficfLat.352.8 



I o.i 89^97 

1-7371^3 
10. 



Lat. come from 38! 4p' Sqm of the Lat. 83* 13' 
D.ff. Lat. add y 53 ' 

i Mid4le,Lat. 4< 3^ 

Lat come into 44 33 ■ 

As cs. of the middle La^ 48^ h' 
Ii to the t. of the Courfe 5 7° 08' 
80 is the Diff. of Lat. 3 j2.8 



9.11^216 
10.189697 

2.j4749tf 



To the Diff". of Long. 730.2 2.863409 

TbeCoMfeUJJlW*.W 0° ja' Wefterly. 

Thus 
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Thos have I iiailhed the Application of 
ilight-linM Triangles fo far as I defigo'd, I 



Plain or 
tho there 
are many more excellent Ufes which they may be^ 
and often are applied to, which the Reader will find 
in his way of Pradice: I Ihall therefore in the fol- 
lowing Pages apply the Dodrine of Spherical Trt. 
angles to Pradice. fidt it will be proper4 before I be«- 
pio to (hew their Application, to fliew now to pro- 
jed the Sphere in Plan0. 



m fi^ 



C H A P. V. 

^The TrojeStion of the Sphere in Piano* 

SECT. I. 

Horn to froJeB the Sphere in Piano upon the PUim 
of the General Meridisn^ by CircuUr Lines. 

FIRST, with tfo^ of Chords draw the Circle 
BCDE upon the Center A, crofs it with the 
two Diameters at right Angles \ divide each of the 
four Qaadrants into 90 degrees, as yoo fee ia the 
Pignre. This Circle thos drawn and divided repre* 
fents the general Meridian, C the North Pole, and 
£ the Sooth Pole, BAD the Eqoinoaial, CAB the 
Bqoinodial Colare, and prime Vertical Circle, or 
Hoar of fix. 

The Meridians or Hour Qrcles are drawn by ?reh. 5. 
Cb4f. 10. of the firft Part^ Thus the half Tangenc 
of 1 5, of 30, of 45, &€. fet both ways from the 
Center, gives their lnterib£tioQs with the Equinoc** 
tial \ the Centers of tbofe Circles are found by the 
Secant Comj^ment, let from the Interftdion apoa 

Y 3 the 
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the Equinodial ("extended if occafion be then if 
yoar Center be fcond right^ the Meridian which yoa 
draw will cot thro the Intericdioo before found, and 
thro the two Poles C and £. 

The Interfcdions of the Parallels with the prime 
Vertical, are found alfo by half Tangents, that is, 
the half Tangents of ip^ jo, 30, &c, fet both ways 
from A i the Centers of thofe Parallels are found by 
fetting the Tangents Com piemen t of the ParaDels 
Diftance from the Bqninodial^ along the prime 
Vertical (extended if need require.) See Prok. p. of 
Spherical Geometry. 

The Tropicks are the prick'd Parallels, and the 
right Line S A XT is the Ecliptick, and is divided 
hy half Tangents ; thus the half Tangent of icf" 
(that is one Sign^ fet both ways from A, ibews th$ 
beginning of tf, and X^ and So^ let both ways 
from A, (hews the beginning of Q, and ^ : after 
the fame manner may the int^rnjediate Decrees be 
put on* 
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SECT. II. 

J£np to froje^ the Sphere in Piano, futable to 
any ^gtied Horiz^onj fuffofe XondoD) v^hofe 
latitude /> 5 1° ^o\ 

Having divided the outward, or primitive Circle 
a$ in the laft, extend the Meridian-line NS on both 
fides to B and O ; then take the half Tangent of 
38* 30' (the Complement of the Latitude) and fet from 
Z the Zenith to P, fo (ball P be the North Pole, ele- 
vated above the North part of the Horizon NP 5 x* 
30' equal to the Latitude. ; Then take the Secdnt of 
51** io\ and fet it upon the Meridian-line from P to 
B, fo is B the Center of WPE, the Hour Circle of 
fix, wbith is alfo the Bquinoftial Colure. 

Then fet the half Tangent of 51** 30' from Z to R^ 
fo (baU £ be the Point in the Meridian thro whiclK 
the Equinofiial mult pafs; from j£ fet the Secant 
of 38"* 30' to C, fo ftiall C be the Center of the Equi* 
nodial ; which being drawn, will cut the Horizon ia 
the Eaft and Weft Points thereof. 

Then, becaufc the Ecliptick cuts the Equinofiial 
at an Angle of 23° 30', therefore add 23^ 30' to 51^ 
3o\ and the Sum is 75 degrees : alfo fubtraft 23^ 30' 
from 51® 30', and there remains 28 degrees. Where- 
fore take Tj'' oat of the Scale of half Tangents, and 
fet from Z to v^, and fet the half Tangent of 28^ 
from Z to ^ ; fo fliaU the two Points "^ and £ be the 
two Points in the M^eridian) thro which the two 
halves, viz.. the Northern and Southern Semicircles 
of the Ecliptick, muft pafs. Now if to ^V 30^ the 
Comph of the Latitude, you add 23"" 30^ the Obli- 
quity of the Ecliptick, the Sum is 62'', the Meridian 
Altitude of the Sun when he enters into ^ ^ and if 
you fubtraS 23"* 30^ from 38*" 30', the remainder will 



}i8 frojeB'm of the Sph€r$. p«t U, 
]x I $* the SoD*s Meridiao Altitode when be enters « ; 
Wherefore take 62^ oot of the Scale of Secants, aad 
fet from s to O i fo {baO Q be the Ceater of the 
>.'ortherD Semicircle of the EcJiptick ; and theSe- 
caoc of 1$^ fet from w to P, utews D to be cho 
CeDt<r of the Sobthera Seq>icircl« of the Bcliptjck i 
both jwhicb Semicircles beiDg drawn, will cut the 
fiori^'i^ i° t^c Points of £alt aad Weft, aod tbe 
Merit^an in the Potots S ^nd v. 

Fof* dividing of tbe two Semicircles of tbe EcHpr 
tick, fet the half Tangent of 02° from Z to F i fo 
Piall P^be the Pole of the t^orthern Semicircle of tbe 
Eclipnck V, £> ^ i and tbe half Tangent of 15^ 
frt frcin 2 to G, fo (hall G be the Pole of th? Soath?ra 
b4if p( th? Ecliptick r, ^, e. 
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From which tvf Q Poks F and G the Ecliptick is to 
be divided) thus: lay a Ruler to F^ and to every 30^ of 
the Prioutive Circle, aod it will cat the Nortbero 
Semicircle of the ^iptick ia thepoiats b, V-^ S^ SV 
and V ^ and being laid to G« and to every 30^ of the 
Primitive Qrcle, it will cat the SoutJiern Semicircle ia 
the Points »» ♦$ ^, «5, and M, for the Points of the 
San^i entrance into any of the Signs: and fo may 
every iftb^ tenth, or every iingle Pegiee be divided* 

The loterfedion of the two Tropicks, and the 
other intermediate ParaOeis of Declination^ are fa(b 
gsare in the foQowingTabl^ 
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4 Table of the tntey-feiiions 


of the Parallels of Decli- 


nation with t 


iDccli- 


vidian. 


Decli- 


inter(ec- 
tions. 


Intei-recJ 


nation 


Ination tions. | 


South. 

"vF 




North 




75*oo' 


!!• 


^3-30' 


^$ 


74 50 


11 


6z 30 


iz 


7J 30 


10 


^i 30 


11 


71 30 


9 


60 30 


to 


7« 30 


8 


59 30 


19 


70 $0 


7 


S8 30 


l8 


^9 30 


^ 


57 30 


17 


62 30 


5 


5^ 30 


l6 


^7 30 


4 


55 30 


M 


^tf 30 


3 


54 30 


'4 


^5 30 


1 


53 30 


15 


^4 JO 


I 


51 ^0 




llF-qui. 


51 30 


For North Declination. | 


S 


i8*oo' 


11* 


39*30 


*J 


28 30 


II 


40 30 


11 


19 30 


10 


41 30 


11 


30 30 


9 


41 30 


10 


31 30 


8 


43 30 


19 


31 30 


7 


44 30 


18 


33 30 


^ 


45 30 


17 


34 30 


5 


¥ 30 


i^ 


35 30 


4 


47 30 


15 


3tf 30 


3 


48 30 


14 


37 30 


2 


45 30 


IS 


38 30 


X 


50 30 , 



A Table of the Cemers of tht\ 
Troficks and Parol, of De- 
clination from the Zenith. 



Dccli 



nation from Z. 
South. 



i3 

11 

II 

10 

19 
18 

17 

M 

14 

13 
II 

II 

10 

9 

8 

7 
€ 

5 

4 
3 

2 

I 

Equin* 



Centers 



58*10' 

57 49 
5<^ 45 
55 44 
54 4^ 
53 43 
5* 4« 

51 4^^ 

50 50 

49 55 



41 
48 

47 
4« 
45 



01 

09 

17 
18 

38 



44 50 

44 3 

43 18 

4* 34 
41 50 

41 08 

40 17 

3> 47 

39 8 
38 30 



Decli- C carers 
nation from Z.I 
North, i 



^3 

11 

II 

10 

19 
18 

17 
U 

15 

14 

13 
II 

II 

10 

9 
8 

7 
6 

5 
4 

3 

1 

X 



1 27*47 
»7 57 
18 1^ 

18 3^ 

x8 50 

^9 19 
i9 4* 
o 05 
28 

51 

17 

4* 
08 

3^ 
03 
3* 
01 

35 

03 
<^ 
08 

43 
17 

53 



o 
o 
I 

I 

1 

3 
3 
4 
4 
5 
5 

7 
3 



The Tropicks and Parallels of Declination arc ca- 
lily drawn by the help of the preceding Tables : For 
if yoQ take the half Tangent of the Number in the 
Table of Interfedions, and fet from Z towards S ; 
and take the Tangent of the Number in the Table 
of Center^ and fet from Z towards N in the Meri- 
^ian, there will be the Center* 

Exam^ 
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Examfle. Let it be required to draw the Parallel 
of 1 5 deg. of South Declination i look intheTableof 
loterfedtons, and you wiQ find<$6^ 30^ : take the half 
Tangent thereof, and fet from Z to d^ fo is d the 
Point of Interfedion : then look in the Table of 
Centers, and you will Sod 49"^ 55^-, fet the Tangent of 
49*^ 5 5' from Zupon the North part of the Meridian, 
and it will fall at by a little beyond N, which is the 
Center ; let one Foot reft in^, extend the other to 
dy and draw the Parallel, and fo of the relt. 

Upon P (as a Center) at the diftance PB, defcribe 
the Semicircle ABD^ which divide into iz equal 
parts in the Points ** *, &c. then lay a Ruler to P, 
and to every one of the Points * *, &e. Lines 
drawn from thofe Points will cut the Tangent Line 
in the Points j, 2^ 3, &c. which are the C^'nters of 
the firft, fecond and third Hours from the Meridian : 
But thofe Points are much better and fooner found 
by the help of a Sc£tor ^ for open the Sedor to the 
Kadius PB, and out of the Lines of Tangents yoa 
may prick down the Centers i, 2, 3, &c. Then 
ivitb one Foot of the Compafles in the faid Center, 
open the other Foot to P, and ftrike the Hour Circle ; 
and with the fame Extent ftrike the Hour Circle, 
which is the fam^ diftanc;^ from the Aferidian on the 
pther fidet 

To male the Table $f Inter feBions. 

Becaofe the Primitive Circle of the ProjeSion is 
the Horizon, and the Center the Zenith, and the 
Diameter the Meridian, and it is required to know 
how far the Parallels are to lie from the Center : It 
is meet therefore, firft to enquire the fame thing in 
the Sphere, viz.^ how many degrees each Parallel lies 
from the ^eoith of the Place, both on the South and 
on the North part allb of the Meridian. 

In this Scheme tt^e Work will be plain, whereio 
^h( Circle reprefents the. Meridian ot any Place, as 

3 f«P- 
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fuppofe of Londoft^ and in it Z the ^eoitb, P the 
Pole, h H the Horizon, M m the fiqaioodial, AC 
the Tropick of », and BD the Tropick of W^ de- 
clining each 23^ 30^ ; the qaeftion is then, how far 
there two Parallels are from the Zenith Point Z, both 
towards AB the South, and towards CD the North. 
For anfwer, confider that from Z to jE Southward is 
the Latitode of the Place 51^30^, and from Z to^e 
Northward is the Complement of that to 1 80% viz^ 
izS"" 30' ; and thefeare the North and South diltances 
of the Bquino&ial, or beginnings of jiries and Libra. 
Then ^A, ^EB, le C, and le D are each declining 
2 J* 30' from the Eqainodial j fo if we take 23* 30' 
ottt of /EZ, the Latitude of the Place 51* so\ there 
will remain AZ 28'' oo^, and fo much is the ParaDel 
of Cancer diftanc from the Zenith of London oa the 
South part of the Meridian. Again, becaofe Z-a is 
1 28'' 30', and a C 23*" 30', taking a C out of a Z, there 
will remain 105" oc/^ and To much is the fame Paral* 
Id of Caacir diftant from the Zenith on the North 
part. 




Now for the Tropick of Cafrlcoml add IM 51 
30' to iEB 23^30'; the Sum is 7i?oo'i and Z > 128 



3a' 



Chap. 5 . ^rojtBm of the Sphere. ^35 

so' added to^ D 23^ 30', the Som is 1 52^ 00' : fo the 
I}iftaoce ZB is 7 S% ^^ ^D is 152^ 
' Again, let qs find the Diftaoces of the Parallel of 
20** of North Declination EF: from iEZ 51'' 30' 
fobtrad uEB 90^ 00', siod there remains £Z si^'So'^ 
aad from laS^ 30' fubtrad 20* 00^, and there remains 
loS'^jQ^ZF^ the other Interfedion. 

Again, let us find the Diftances of the ParaHel of 
20'' 00' of Sooth Declination GR. ToiEZ 51'' 30' 
add EG 20% and the Sum is vi** 30^ : and to Z ^e add 
R a 20% and the Som is i^^ id ZR, the other Inter* 
fedioB. Thus may yon find all the Interfedbns 
to every fingte Degree of Declinatioo, both upon the 
Kortb and Sonth part of the Meridian. 



To make the Tdle of Centers. 
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la this Table, the Arches or Mambers ia tBefirft 
Colomo are the Diftances of the Parallel from the 
Zeaith foond by the former Diredioos; the ftext 
Columa are the halves of the firft, C beiog the half 
of A, aad D the half of B. The third Coloma con- 
tains the Tangents of thofe in the fecond, fo the 
Tangent of C is E> and the Tangent of Dis F^ the 
firit Number in the fourth Column is the Sam of the 
Tangents in the third, fo G is the Sum of EandP, 
and is the Diameter of the Parallel; the lower 
Kumber in that Column is the half of the upper, 
fo H is the half of G V the Number in the fifth Co- 
/ 7 > lomn is the fame as the lower Number in the third ; 
^ ; ^ the Number in thefixth Is the Difference between 
the lower Number in the third, and the lower Num- 
ber in the fourth, and is the natural Tangent of 
the Diltaace of the Center from the Zenith : and if 
you look the faid Tangent in the Table of natural 
Tangents, yoa will have the Degrees and MinnteSy 
the fame as in the Table of Centers « fo if 52694 be 
found in the Table of natural Tangents, yon wiB 
find 27^ 47^ to anfwer it. But I think it is a better 
way to find the Degrees and Minutes anfwering the 
Semidiameter in the fourth Column; thus, fiodH 
77<5i7 in the Table of natural Tangents, add the 
Degrees and Minutes aofwering is 37'' 49 ; fo if yoa 
take this out of your Scale of Tangents, and fet it 
from the Interfedion, that will give the Center of the 
Parallel^ and you may draw it without altering yoar 
Compailes. But if you have a Diagonal Scale of the 
fame Radius with your Primitive Circle, yon need 
not find the Degrees and Minutes, bat take the na- 
tural Tangent of the Interfedion (as it is) from 
your Diagonal Scale, and fet it from 2 npon the 
Meridian \ and take the Semidiameter from tbe(ame 
Scale, and fet it upon the Meridian the other way, 
and that will find the Center ^ then without altering 
the CompalTes draw the Parallel. 

SECT. 
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SECT. III. ^^ 

: • ^^ 

To froje£f the Sphere upon one of the leffer Cir^ 
clesj viz. the Tropick of Capricorn. 

!• With tfo^ of Chords upon the Center P^defcribc 
the Circle c^ BT iox the Eqoinodial } crofs ic with 
two Diameters at right Angles in the Center P, 
with ei P r the Eqainodial, and £P 4 the Solftitial 
Colure, which is alfo the Meridian of the Place. 
2. Oat of your Scale of half Tangents, take 1 1 3"* 
30', that is the diftance of the Tropick of Cafri-- 
€9m from the North Pole of the World, and fet it 
from P Southward to MP. 3.- Take the half Tan- 
gent of 66^" io\ the Complement of the Sun's grea- 
telt Declination, (or the Diftance of the Tropick of 
Cancer from the North Pole) and fet It upon the 
Meridian Northward from P to s ^ find at that dif« 
tance upon P defcribe the Circle for the Tropick of 
Cancer. ^ Divide the Space between s and yt into 
two equal parts in the Point £} fo (hall £ be the 
Center whereon to defcribe the Ecliptick Circle 
r S A vf. 5. Take the half Tangent Si"" 30' the 
Latitude, out of the Scale of half Tangents, and 
iet it from P to R in the Meridian i fo (hall R be the 
Interfeftion of the Horizon with the North part of 
the Meridian. 6. Take the Tangent of 38^^30^ the 
Complement of the Latitude, and fet it upon the 
Meridian Southward from P to H ; fo fliall H be the 
Center of the Horizon, and HR the Semidiameter 
thereof^ whereon the Horizon A RB is to be defer ibed, 
cutting the Ecliptick in the Points T and ^, if there 
be no former Error. The next thing to be done is 
to divide the Ecliptick, which may be done from a 
Table of right Alcenfions, bat Geometrically thus. 
7. Divide the Equioodial into 1 z equal Parts, then 

laying 
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layiog a RoUr to E (the Center of the Ecliptick) 
and to every of tbofe 12 DmfioD* of the Equioodial, 
aod it will cot the Eclipcick in tlie Points T^ V5, n, 
s^ a, nf, «2ii ^, *» ^> ••, K : aad according as you 
divide the EquiooAial into every lotb, 5th, or erery 
fingle Degree, fo may yon divide the Bcliptick alfo« 
8. For the Axi maths, or Vertical Circles, to the 
Radius of the Bqciinodial .Circle, take the half Tan^ 
gent of 38"* so') the Complement of the Latitode, 
and fet from P do w awards (apon the Sonth part of the 
Meridian) to Zt fofliay Z be the Zenith where aD 
Che Azimuth Circles do concnr t and how to projeft 
them, is in this manner. 9. Take 51^ 30' the Latl- 
mde, OQt of the Scale of half Tangents^ tod pride 
them down on the North part of the Meridian from 
P to X V and thro X draw a Tangent^line paralkl to 
T P fi, exieading it infinitely otk both (ides of tbt 
Meridian. 10. Make ZX a new Radius, open yoor 
Sedop to that Radius, and cake out the Tangents of 
lo, ao, 3O3 &c- and ftt them both ways from X iip^ 
OQ the TangenMine. But for want of a Sedot you 
jBay with any Lloeof Chords ftr ike a Semicircle, and 
divide it into Degrees^ and lay a Kuler to Z and t5 
erery 10 Degrees, and it wiD cut the Tangent^line in 
the Points 10, 20, 30, &c. which Points v»iQ be the 
Centers of the Azimuth-Circles ; and the Semidiam^ 
ter of each Azimoth wilt be the Diftance between 2 
and each of the faid Ceacers. it. For the Clrdes 
of PoEtion draw a right Line thro H, the Crater 
of the Horixon parallel to T^ P a (the Equinodid 
Colore) then divide the South Semicircle of the Bcpi^ 
nodial into fix equal parts ; a Ruler laid from P the 
Pole, to each of thoie fix MTifions, will cut the fbr« 
mer ParatleUline in the Points M^h^e^d^ and thoft 
Ihall be theCencers whereby to defcribe theCirdes 
of Pc^tioA : and thus is this FrojeOioa 



SE CT. 
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S E C T, IV. 

HoiP to frojeSt the Sphere upon any oblique Circle^ 
and to find in what Latitude^ and Difference of 
Longitude (from the Place where the oblique 
Circle deviates from the Meridian and Zjnith 
of a known Latitude J it fhall be an Horizontal 
Plain. 

As great Circles of tbeSphcre are Horizons in fome 
place of the World or other, fo all Plains on which 
Sun- Dials arc made, are Horizontal Dials in fome 
one pjrt of the World j and fuch a Plain (or great 
Circle) which 1 mean here, will belt be reprefentcd 
by thcRoof of a Houfe. Now fuppofein the La- 
titude of LoNdon 51° io\ that the fide ota Honfe 
fliould decline from the South Weftward 24^ 20', and 
the Roof thereof incline towards the North part of 
the Horizon 35 deg. I would know in what Latitude, 
and how much differing in Longitude, that part of 
the World is, in which this oblique Plain wiU be an 
Horizontal Plain. 

Having drawn a primitive Circle HXOD, to rc- 
prcfcnt this oblique Plain ^ 

1. Draw the two Diameters HO and CD croffing 
each other at right Angles in Q. 

2. Set the half Tangent of 36^, the Plain's Inclina- 
tion from Q.to Z; fo fliall 2 be the Zenith of London, 
and Q_of the Place enquired. 

3. 5ct the half Tangent of 54*", the Comp. of the 
Finn's Inclination from Q.toB; fo Ihall B be one 
Point thro which the Horizon of London mult pafs. 

4. Sec the 'Fangent of 36'' from Q^ to C, or the 
Secant ihtrtof from BtoC; fo is C the Center of 

the Hoi i/on of Loudon HBO, 

s;. Take tre Tangent of 54° the Comp. of Incli- 
nation, and fct fiom Q to F. 6. Take 
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6. Take 24^ 20' the Declirtatioa of the Plain, 
from the Scale of Chords, and fet from H to c, from 
D to ^, and from O to r. 

7. A Raler laid from Z to r, d and e^ will give the 
Poiats W, S, and E, for the Weft, South and Eaft 
Points of the Horizon of London. 

8. Draw FG perpendicular to QF, (or parallel to 
HO) and extend it as far as yoo (hall fee requifite. 

9. Draw a Line thro the Points E and W, (Which 
if yon have committed no former Error, will pafs 
alfo thro the Center Q^ and extend it till it cuE 
the Line FG iaft drawn -, fo ihall the Point of Inter- 
fedion be the Center of the Meridian PZS, which is 
the Meridian of the Place where the declining incli- 
sing Plain in London will be an Horizontal Plain. 

10. A Ruler laid from W to Z, will cnt the pri- 
mitive Circle in a^ from which Point fet sS'^so' 
the Cbmplement of the Latitude of London to hi 
and a Ruler laid from W to h^ will cut the Meri- 
dian in the Point P for the I^orth Pole of the 
World. 

11. Set 90'' of Chords from b to /, and from / to 
^ J a Ruler laid from W to /, will cut the Meridian 
in JEj for the Point where the Equinodial muftcut 
the Meridian ; and laid from W to g^ will cut the 
Meridian (extended) in M, the South Pole \ and a 
Right-line drawn thro P, Q, and M, Iball be the Axis 
of the World. 

12. The Equinoftial Circle rouft be drawn thro 
the Poiats WiEE-, and to find the Center thereof, 
divide the Right- line WE in two equal parts in R^ 
and upon R raifc the Perpendicular RT, drawing it 
forth till it meet the Axis of the World PCIM (^ex- 
tended) in the Point T, which is the Center of the 
Equinoaial Circle : Or, if from R, thro C (the 
Center of the Horizon) a Right-line be drawn^ and 
extended till it concur with the Axis of the World 

2 2 FQM 
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POM extended, it wiU meet in T, the Center of the 

Equiaodial alfo. . . 4 . . 

13. Divide MP into two parts at fight Angles m 
D, and draw DG, ejctending it infinitely. 

i4« Upon P5 at the Diftance PD (or any other 
Diftance) with 60"" of Chords, describe the Sciai- 
drcle LDN i and laying a Ruler from P to G, the 
Center of the Meridian PZS, it wiU cat the Se- 
micircle LDK in K: at which Point R begin to 
divide the Semicircle into 12 eqoal parts at the 
Points ©00®, &c. Then a Roler laid from P to 
each of thofei2 eqoal parts, fliall give the Points of 
the Tangents of 15, 30, 45> <So, &c. in the LineDG^ 
In which (hall be the Centers of the Hoar Circles, G 
being the Center of the firft Meridian or 12 of the 
Clock, or the Meridian of the Place. Or having a 
$edor, malce PD Radios, in the Lines of Tangents $ 
and take the Tangents of 1 5, 30, 45« *o, &c, and 
fetting them opon the Line GD both ways from D^ 
IhaO give the Centers. 

The Projedion thas finifhed, if yoo take the Dif* 
tanceQP in yoarCompaflfes, and meafore it opoa 
the Scale of half Tangents, yoa will find it to con- 
Uin 72*34', whofe Complement is PXi7^2j6'i and 
in that Latitude will this declining inclining Plain 
be an Horitnontal Plain« 

And if you lay a Ruler from P to M, it will cot the 

J>rimitive Circle iah; and the Diftance Nfc, mea- 
iired opon the Scale of Chords,(hall be 14'' 41', whidi 
is the Plain's Difference of Longitade. 

So that a Plain declining 24^ 20', and inclining 36 
deg. in the Latitude of I^fubn^ will be an HoriTontal 
Plain in the Latitude 17^ i6\ and Difference of Lon- 
gitude from lAndm 14'' 41^9 which is about Ct/tm m 

ir^irotsmd. 
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S E C T. V. 

1 

Hoiw to ffoje^ the Sphere ufon the PUin of the 

EquinociUl. 

1. Let the Primitive Circle A na^T repr^rent the 
Bqoinodial^ divide it into 24 equal Parts, aad mark 
them with their proper Hours j th; Center ® repre- 
fents the Pole of the World* 

2. The Diameter A B, having XII at each end 
thereof, is Che general Meridiao, and the Solftitial Co-* 
lure. 

S. The Diameter r ® «« having VI at each end, 
is the Hoar of VI, and alfo the Equinoctial Colure. 

4. The Circle OPFS^ is a polar Circle, and is 
diltant from the Pole of the World 23'' 30^, which 
is thus defcribed : Take the half Tangent of 23"" 30^ 
ia your CompafTes, and upon defer ibe the Circle 
OPFS. 

5. The Circle E S W v, reprefents either of the 
Tropicks, and isdiftantfromtheEquinodial 23"" 30'} 
or it is diftant 6^ 30' from the Pole 0. To projeft 
it, take 66"" 30' o^ of the Scale of half Tangents, 
and with that extent opoa the Pole defcribe the 
Circle E v w S^ 

And here Note, That all Parallels of DeclioatioQ 
are defcribed by the half Tangents of the Comple- 
ment of their Diftances from the Equinodial apoa 
the Pole 0, as the Polar Circle and Tropicks were. 

6. The Circle r • «i is the Ecliptick, whofegrea- 
telt Obliquity from the Equinodial is 23"^ 30V and it 
is thus defcribed 2 Set the half Tangent of \jtf° 30' 
from to S, and fee the Secant of 23% io' from s 
to G, fo is G the Center : The Pole of the Ecliptick 
is the Interfedion of the Polar Circle with the Mert-^ 
diaa at P, thro which Point all the Grcles of the 
Stars Longitade pafs. 

l9 7* The 
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7. The Circle TH £s, reprefents the Horiion of 
London^ whofe Latitude is 5i**30^ To defcrtbeir^ 
fct the half Tangeat^^5*^o', from ® to H^ and 
the Secant of ^S" 30^--wtfr-r^clr>f|;om H to I the 
Center. Fof^ its^ol^ tbc4^lf Twgent of 38*30^ 
being fet fr&m ® to 2r gives 21t|ie 2^Dltftb, which is 
alfothe/PoJe of tKe.fto^zdn^-iwp whl^^ all 
the Azimuth Cirxjles paft». ' >/\ '.' \ 

8. The Cirdc f^EL « a Circle^Qf l^dDgita(}j^.paffing 
thro 6^ iiVwliictiscM I^oftgitade ^C^ldeigMfiy or 
the kiln's Eyf. To. defcnbe the Cirder of toagi- 
tude / iFirft, tbey tnuft all pals "thro fbc Poia^f , and 
thro \^every degree of the^ EcUptick,. lb .thlit the 
Ediprk^c bcipg divided from P the,Pole tbtceof^ as 
was (h^vted bow to divide the Hotl^^n from Z its 
pole J yotthave tMee Points giwrf, thro Which tbey 
may be defcribed*' TliustficSe'cant qf /J6"3o' will 
reach from P upon the Meridian to Xlthe Center of 
oodeg. and f^o^deg. of LpngUude'^'Wic. of the Cir- 
cle r P ta : the Centcx&iif tMrelt will be in a right 
Lin^..clr.3.wn. at right Angles to the Meridian, tShi^ 
the Point X, and arc found by their Tangents, as was 
before taught, 

9. The Circle * 4 * is a Parallel of the BuWs ^jeU 
Declination i 5"* 48', and is defcrib'd by taking the 
half Tangent of its Complementj74^i2\ and upon 
® ftrike the Circle. 

iQ. The Circle V* Z «a is the prinae Vertical, or 
Axiniuit.Qf Eaft and Weft. . Tq dercribe it, it is 
to pafs thro Zthe Zenith, as all Azimuths mult db} 
and feeing the Zenith is diftant from the Pole 38^30', 
fet the Secant of 51° 30' from Z upon the Meridian 
to y the Center i and in a Line drawn at right An- 
gles to the Meridian thro the point Y, Ihall the Cen- 
ters of all Azimuth Circles fall, which arc found by 
their Tangents 2Y being made Radius* So tbePoint 
D is the Center of the Azimuth R * ZV, an Azi- 
wuth of 3/ 42' from the iiaft, and the Point d the 

Center 
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Ceoter of the Azimuth Mi^Z paffiog thro the BmITs 
Eye ac 6 a-Clock^ being lo deg. from the Baft. 

I T. The Circle mi ^fj is a Circle of Altitode 
20^ 20' pafllng thro the BulFs Eyi whea be is upon 
the Weft Azimath. To defcribe this Circle^ the 
Point Z the Pole of the Horizoo being 38^ 30' diftant 
from ®, add and fubtrad it, to and from the Com* 
plemeot of^o^io'^ viz.. 69^ ^o\ and theSnmis 108; 
xo\ and the Difference is 31^ tc/; fet theh^f Tan- 
gent of 108^ 10^ from (i> tog upon the Meridian, and 
let the half Tangent of 31^ ic/ from • to 0^ the 
iniddle between < aad^is/theCenter of the Parallel. 
After the fame manner may yo^dravi^ the Qrcler ^ u^ 
|)eing a Parallel of 41'' Altitude, whofe Center is T. 

Thus hare I (hewed yon how to projeft the Sphere 
npon feveral Circles j by which, ai^d the DireftionS 
in the iQth Chap, of the firft Part« of Spherical Geor 
metry, yoo vyiU be Fn^ble4 to pertorm any protedioif 
rpquirfdy 
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CHAP. VI. 

^Tbe J)o€irine of Spherical triangles 
applied to Practice in Geography, 
Jbenoing honv to fini the J)ijtances of 
Places upon the terraqueous Clohe^ 
hy the Arch of a great Circle^ nsfith 
the -^»^/« of^ofition. 

SECT. I. 

Tpo JPldces differing only $» IjLtitude^ tofnd their 

DifiMCi. 

]rP the two Places be both in North, or both ia 
[ Soath Latitodie, the Differeoce of Latttade 
roaght to Miles is their Diftance^ Bat if one 
place be in North, and the other in 8oQth Latitude, 
|hea the Sam of their Latitudes brought to Miles is 
their Diftance. 

ExamfU i. What is the Diftance between the 
liz.^d ia the Latttade 50'' i z\ and TMi£ier in the 
tatitode 35"" 30\ both j^orth ? 

Sabtrad 35"* 36' from jo* 12', and there remains 
14^ 36', which multiplied by 60 makes 876 Miles. 

Examflci. What is the Diftance between the 
UzMfi in Kortb Latitude 59"" 12^, and St, HeUnM 
|n Soath Latitude le^'oof ? 

Add the two Latitudes together, the Sum is 6^ 
|z'l which mak^s 1972 Mi}cs, 

% SECT. 
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SECT. n. 

I 

TtPO Places differing in Longitude only^ to find 

their DiJlMfe. 

tn this Sedipn are two Varieties. 

ifi. Two Places in the Equator, their Longitudes 
being given, to find their Diftance. 

I* Acoordiflg to the old way of coanting the Lon« 
gitade, that is, as it is commonly number'd in Maps 
of the World, Globes, &c. where it begins at fome 
particular Place, as in fome it is counted from Pic0 
Tenerlffaj and fome make the firft Meridian at Fmtp j 
fobtraft the leflfer Longitude from the greater, and 
the remainder (if lefs than 1 80"^ is the Diltance re* 
quired : but when it is more, fubtradt the remainder 
from 350, and the laft remainder is the Diftance. 

^ 2. According to the new way of counting the Lon- 
gitude (in the Mdriner^s Comfafs Relliped) the Rule 
is thus: If the Longitudes be Doch Bait, or both 
Weft, fubtraa the leflcr from the greater, there* 
mainder is the Dlftance : But when one is Eaft, and 
the other Weft, add them, and the Sum (if it ex- 
ceed not iSo^J is their Diftance ^ and when it ex- 
ceeds 1 80% fubtrad it from 360% the remainder is 
the Diftance required. 

Example^ What is the Diftance ofSumatrd^ whofe 
Longitude is 137° 10', from the IQand St. Tipw-e^wbofc 
Longitude is 33"" 10'', both lying under the Equinoc- 
tial 7 

The Difference of Longitude is 104^ oo\ which 
makes 6240 Miles, and to much is the Diftance of 
the Iflands. 

2d. Variety. Two Places under one Parallel, or 
both in one Latitude, their Longitudes being given^ 

to find their Diftance. 

Mxdm* 
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ExMifU. I demand the Dlftance between the 
Liz^d^ sad Ftw^win IJlmttd la Neafeu/tdUad. 

Lizard' i^^-t 5^^ Or S24?W-Lon. 

312 14 47 4tf DifELon. 
3<So 00 

47 4tf 



IQ this Figare M ce reprefents the Equator, N the 
l^orth Pole, and S the South Pole ; C reprerents the 
IQand Ptngvin^ and D the Lizard, both in the I.ati- 
cadeof 5odcg. aad CDG reprefents a great Circle 
wbicb palles thro both Places j then in the tight- 
angled Triangle CN p, there is given CN 40 00' 
Compl. of Latitude, and the Angle Cfj « 13° 53' 
half the DiflereDce of Longitude \ to find C» half 
the Diftance ; which being doubled, will be CD the 
whole DiiUace, Thercfor«it will be, As 
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As Radias to the s. of CN ^c^ oo' 9.808067 

So i% Che s.of the Angle CM # as"" 53' 9^0732x 

To the s. of C # 1 5"" 0$' half the Diftance 9«4t 53^9 
So the whole Diftance is 30* io^= 1810 Miles. 



T^fif$i theAiiglis 9f F option o CN, or oDN. 

In the Triangle CN «, right-angled at 0^ we hav^e 
^iven CN 40^ oo^ and the Angle CN # 23^ 53'^ to 

lad CN* Therefore it will be, 

« 

Asct. of ON* li"" $3^ 10.333801 

Is to Radios ip. 

So is cs. CN 40^ 00' 9.8842 54 

To ct. the Angle #CN li" 1%' P-53o4$3 

The Angle # DN is equal to # CN, being fabtended 
by equal Sides. 
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SECT. III. 

^voo places differing both in Longitude 
and Latitudey to find their Difiance. 

In this Sedion are three Varieties or Cafes. 

CASE I. 

One Pldce mj te in the Eq$fdter^ snd the other 

tmMfds either ef the Poles. 

EXAMPLE. 

Let the two Places be the Lixuurd in 50"" 00' North 
Latitude ) and the Ifland Gil0U ooder the Eqoinoc* 
Cial) the Difierence of Loo^tnde 134 deg. what is 
the Diftance between the two Places) 

In the former Figure^ C reprefents the Lixjnrd ia 
tbe Latitude 50"" 00^^ and H the lOaiid GiUU in the 
Equator, and CHG the great Circle paffiug thro 
both Places. 

Then in the fpherical qoadrantal Triangle CNH^ 
or rather its oppofite HSG, there is given the 
quadrautal Arch HS } the Side SG equal to CM 40"* 
00% the Complement of the Z4&iiri's Latitude ; and 
the contained Angle HSG, the Complement of the 
PiffereDce of Longitude 46^ oo\ to find the Side GH* 
Otberwife in tbe right-angled Triangle GH r there 
is gWen H ir 46^ oo\ the meafure of the Angle HSG^ 
aDdG«5o''oo', thcComplemenCofSG, to find GH. 
Then it will be. 



As 
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A« Radios to c%. H o; 46** 00' 9841 77 

So is cs. G Of 5 0° 00' 9 80807 

To cs. GH (55" 19' 9.<S4984 

Whofe Complement to iSo^is CH ii6"3i'» the 
Dlftaace of the Places, which is 6991 Miles. 



To fifid the Angles of direSi Pojition, CHN And 
■' NQH, 

In the Triangle CNH i 

As s. of CH 1 16° 3 1' Cor <J3* 19') 0.048172 

Is to 8. of the Angle CNH 1 34° (or 4O 9-^ S<^934 

So 8. of CN 40" 00' 9-808067 

To s. of the Angle CHN 31" 07' 9713173 



^«*i 



As8.ofCHn<J'3i' (ortf3°a9') 9951728 

Is to s. of the Angle CNH 1 34° (or 40 9.8$(5934 
So 8. of NH 90" 10. 

To $. of the Angle NCH 53" 30' 9'9oyaotf 
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CASE II. 

Both TUces mdy be on one Side of the Equdttar ; 

that isy both in Northy or both in South iMi^ 

tude. 

EXAMPLE. 

Let one Place be the Lizard in ^cf" oo' of l^orth 
Latitude, and the other jirac^n ia the Bay of Bcffg^ 

id 
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in lo"* oc' North Latitude i the Difiereace of LongU 
tude betweea them is loS^'co^i what is their Dif- 
tance ? 

la the former Figure, C rcprefents the Lizuird^ 
B reprefents Ar^cm \ and CBG the great Circle 
pafliog thro both Places. 

Then, in the fpherical Triangle CNB^ there is 
given CN 40° o^» the Complement of the Ux.0Bt£% 
Latitude, BN 70^ 00^, the Cooiplement of the Lati- 
tude of jlracan i and the Angle CNB 108 deg. the 
SiJerence of Longitude -, to find the Diftance CB. 

Bf Mr. Collins'/ Frofortion. See Cafe the $th cf 
oblique-angled Sfhericsl TriMgles. 

As Radius to the cs.of the Angle ino ^ q o 
eluded 108^ "" S J^-48998x 

So is t. of the leffer Side 40'' 9.92381 3 

To t of a fourth Arch \j^ 32' 9.41 37^$ 

Here yon may obferve^ That when the included 
Angle is obtufe^ you refolve the oppofite Triangle, 
by this way. As in this Example, in the Triangle 
BCK the included Angle BNC is 108% therefore yon 
refolve the oppofite Triangle BGS, wherein yon 
Itave given SG equal toCN 40% and SB 110% the 
Complement of BM to 180% and the included Angle 
BSG 72% the Complement of CNB to i8o% to find 
BG, whofe Complement to 1 80° wilt be the Diftance 
required BC- In the firft pla^e, the Perpendicular 
G 4 being let fall *, inthe right-angled Triangle G dS^ 
there is given SG 40% and the Angle GS d 72% to find 
S d the 4th Arch, which is 14^ 32^ \ this being fubtrac- 
ted from BS 1 1 o\ the refiduai Arch is 95'' 28'. Then, 

As 
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At CI. of S il the 4tk Arch 14*31' 0.014x24 

It to ct. of B W the refidoal Arch 95* xV > o ^_«^ . 

(or 84* JtO 5 ^•*7»*4i. 

80 cs^ of SO eqwl to the lelftr Side 40' j ^ 884a«4 

To ct.,of BG, whofe Comp. to iSo'is^ « q„„»,^ 

Here the contained Angle being obtnfe, (in the 
given Triangle) and the refidaal Arch more than 
90% therefore the Side BG is kfi than po% as piainlf 
apiwars b|[ the Figiire. 

if the tncladed Aogic be acnte, the Operatioa 
di^rs nothing from the common Method, by Icttiog 
AD a Perpendicnlar; 

This may be otbdrirife refolved bjr IVfr. CeUinit o^ 
tber Proportion, e»lained in the iaid 9th Cafe. 

The Log. Sine of 40*00' the lefler Side 9>8o8otf7C 
The Log.Sine of 79" oo' the greater Side 9.9719850 

Tbe Log. of z Qtjotoioa 

» III 

The natnral Sineagiiiiik ' 9.8979985 

b 790^89^ 

Add I zxvidgl = ^ "^"^ ^«^ ^^ ®^ 30* oof 
Ad<lifj974«5 thcDiffoftheLeBfc 

9m9t4a64xi- ?«5Kf** TcrfedSiae of 8$'4i' 



CASE 
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A s £ nr. 

Thf Mo Fldces mty one lie in North Lstitudep 

4nd the other in South* 

£ X A M P L E« 

Lee one of the Places be Cafe Horn \ that is, tlii 
^rtbeft South Point of Land in AmericAj in ^7^ 54^ 
Soath Latitode^ and the other the Ifland of Barbvdoi 
in the great South^Senj whofe Latitude is 7"" 00^ 
Korth ; the Difference of Longitude between them 
is 108% what isitheir Diffance ? 

In the form.er Figare, P reprefents CWf ^ Hcrrf^ and 
L the Ifland Barbudos ; and SPN reprefents the greaC 
Circle pafling thro both Places. 

In the Triangle LPS^ there is given the Side SP^ 
the Complement of the Latitude of Capi Horn 32^ 
06' J the Side LS the Latitude of Bartmios^ with 9<f 
zmtAyf 00^ ; and the conuined Angle LSP 108% 
the difference of Longitude; or rather the oppofite 
Triaride S^Ti in which is given the Side SP 32*' 66\ 
the Side ST the Complement of SLto 180% and the 
Angle PST the Complement of the difference of Lon« 
gitnde to 180% to find the SidePT, whofe CompL 
to 1 80 is LP required. 

Having let fall the Perpendicular P c } in the right- 
ingled Triangle c PS there is given PS 32^ o6\ and 
the Angle PS c 72% to find S c. Thus, 

As Radius to cs. of PS c 72^ P.48PP81 

Tot. of PSs^^'o*' 9-797474 

To t of the foorth Arch St lo* 58' 9'i^7^^6 

Which fabtraded fron ST 83% there remaiat 
T * 7a" oa'. Tbeo, 

A* At 
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As the cs. of the fborth Arcl^ S « to* 58' 0.008004 
Is to cs. of the rclidual Arch T e 72" 02' 9-485204 
So cs. of the leffer Side ^S 32" 06' -p.92794^ 

To the cs. of PT 74* 34' J^^S ' 54 

Or thos, 

. The Log. Siae of 32* 06' the lelftt Side 9.7254204 

The Log. Sine of 97° the greater Side 9-99^7 5°? 

The Log. Sine of 54' (halfthe Ang.)? g, -j,, -^ 

doubled ^ 

The Log. of 2 0.3010300 

» ■ ■ 

The nataral Sine ag^inft 9*8391 1 63 

Is = 690423 1 
Add 5758005 

? = the natoral verftd Sine of 54* 

12552237 5 j^/^ jj,g ^jg. ^f jbg Legj 

7337753 = the Arithmetical Compleqient. 

Which is the natural Tcrfed Sine of 74° 34', whole 
Complement to 1 So** is 1 05** 25', the Diftaoce Ibaght. 
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C H A P. VIK 

Spherical Trigonometry appUed in Afro* 

nomicai Problems, 

PROBLEM r. 

T*# Sat^s Pl4ee^ mJL grttteft Deelimithii ieiaff 
givttt\ t<y find the frefent DecrmsHon, 

TH E Declination of the Sun, or of a Star, is 
a part of the Meridian intercepted between the 

Bquinodial Circle, and the Center of the Sun or 
Star. 

In the Triangle ABU (in the following Figure) 
we have given, the Angle B A H the Obliquity of the 
Bcliptick 23° 29', and AH the Diftance of the Sua 
from V 60' ; to find B D. 

As Radius to the Diftance of the San> ^ ^,,, 
fromrtfo'oo' S ^'^^^SJ 

So is the Sine of the greatcff DecUna- ?. ' ^ ^„^ 
tion23'29' ^ ^•*^°°^® 

To Sine of the prcfcnt Dcclinat, lo"" ii^ 9. 53823 

Note. That the Sua^ Diftance is always coantcd 
from the neareft of the Eqainodial Points T or ^ •, 
CfacrHbfe if the San be in the Northern SlgnS y\ «, 
or Uy or in the Southern Signs ^j ^\ or H, his 
Diftance is counted from T. Btit if his Place be in 
the Northern Signs S, A, or V, or in the Southern 
Stgm tfs, m, or ^, it is reckoned fcoti^. 

Aa 2 PR O- 
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PROBLEM n- 

Tie 5m *«« €mrii^ into Oemta, »lut is tk 
right Afttnfm f 

The rigM AlbenEoo is an Arch of theBmiiioaiil 
Intereeptoi bttwem the jMint Ariii and the Men- 
dunGrpalTes thro the Cc«er of theS^orS^ 

lo theTrangk AB n, «e ha« A » *« ^-oi^^ 
tance from r «o", andthe AngJeBA B i3°2i>'i » 
find the Side AB. 




Jotsf ABj7*49' 
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Orthos, 

As Radios to t. of the Son's Diftance? 2a8<tf t 

froinT6o« 5 " * ^ 

So is cs. of the greatest Dedioation? otfz4S3 

To t of right Afcenfion AB 57* 49' 10.201014 



PROBLEM nX. 

^ /*# 5«»V Declhstiom be la* Jo', ipj&rf/ is the 
Su^s Pldee^ or Loftgitude from T ; Mtd wh*t 
his right Jfcen^n f 

In the right-angled Triangle ADC, there is given 
the Side DC the prefent Declination, and the Angle 
DACthegreateft Declination ; to find AC the Son's 
Diftance n-om T, and alfo his right Aicenfion AD. 

As 8. of the greateft Declination 13,' 2^' 9.60070 
Is to the s. of the prefent Declinat. 12** 30' 9.33$34 
So is Radios 10. 

To s. of the SotfsDiftance from T 32' 52' 9.734^4 
So the Son is 2" $i' in V. 

As Radios to ct. of greateft Declination ? ^^ ^ 

23*29' S '' * 

So t. of the prefent Declination 1 1" 30' 9-i^5Ti 

To the 8. of right Afcenfion AD 30° 4»' 970779 

If the Son's Declination be Korth, and in- 
cr$afing, this Proportion finds the Sun's Diftance 
from Aries i if decreafing, from I^a in Northern 

Signs, & contra. o o n- 

Aa ^ P K. u- 
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PROBLEM IV. 

Thi iMitude of a Pldce^ dnd the Su»^s DccUmb. 

, pttion beipg given ^ to fini the JfcenfioBsl Dif^ 
ference^ smi ^imfUtude, 

EXAMPLE. 

In the Latitude Si'^i^^i tbc (Son's Declination being 
1 5"" 19\ vvhat is the Afcenfioaal Difference^ and Am- 
plitade ? 

Vcfittf f. Tbe Latitude of a Place apon Earth, is 
an Arch of the Meridian of that Place, contained 
between the Zenith and the Eqoinodial, as ZJEi 
equ^l to the Height of the Pole above the HorizoO| 
as OP. 

2. The A fcenGonal Difference, Is tbe Difference be- 
tween the right and oblique Alcenfion or Defcenfioa ; 
or it is the fpace of Time the Son ri£es or fets before 
or after fix a-Clock. 

3. Oblique ^ oSon P"'' ^^^^ ^^ ^**« ^"^- 
nodial, between tbe beginning of T, and that part 

of tbe Equinodial that ^[j[j^fh l "^^^^ ^^ ^"^^ 

of the Sun, or Star, or with any Point of tbe EcUp« 
tick, in an oblique Sphere. 

4. The Amplitude is an Arch of tbe Horizon, con- 
tained between the Ecliptick and the Bquinodial, 
and fhews bow far the Sun rifes or fets from tbe Eaft 
or Weft Points of the Horizon. 

In the Triangle APQ, right-angled at P, there is 
given the Angle PAQLsS^'iS' the Complement of tbe 
latitude, and PQ. the Sun's Declination } to find AP 
the Afccnfion»lpiffcren<;e, and AQ^ the Amplitode, 

Af 
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As Rad. to ct of PAQ 3S'' 28' Comp. of? 

So is t. of PQ 1 5^ 29^ the Declination 9.44249 

To s. of AP the Afcenfional Difi! 20'' 24^ 9-54249 

Which reduced to Time makes i hour 2 1 f min. 
and fo much the Sun rifes before Six^ and fets after 
Six at Night if the Declination be North, as isfap- 
pofed in this.Example^ fo the Snn rifes at jSf min. 
after 4, and fets 2i-i-min. after 7. • . 

If the San's fetting be doubled, it gires the length 
of the Day } and the Sun's rifing doubled gives the 
length of the Kight, 

As s. ?\Q, 3^"" 28' the Comp. of the Lat. p.79383 
To s»-PQ^ 1 5° 29' the Declination 9.42644 

So is Radius 10. 



To s. of the Amplitude AQ^25*' 25' 9^3261 

And.fo many Degrees the Sun rifes Northerly from 
the Eaft, and fets fo much from the Weft. 



PROBLEM V. 

To find tht oitique Afcenfion or Defcenfion. 

Firfi^ Find the right Afcenfion, by the fecond Pro- 
blem i and the Afcenfional Difference by the laft. 

Secondly^ If the Sun's Declination be Northerly, 
the Afcenfional Difference fnbtra&ed from the right 
Afcenfion, leaves the oblique Afcenfion j and added 
to the right Afcenfion, gives the oblique Defcenfion. 

Aa 4 Thirdly^ 
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lUrdly^ If the San's Declination be Soatherly, the 
Arc«niional Difieregcc adde4 to the rigbc Afcenfion^ 
gives the obliqae Alcenfion ; and fubtrad^d there- 
from, leaves tbc oblique ]>efceIl^op« 

PROBLEM VL 

TlfC LdMude of the Place 4U$d DecliMtiom of the 
Sun being given^ to fnd dt tpbaf time the Smn 
wiH^'be due Edji or fVefi. 

EXAMPLE. 

la the Latitude 51^ 32^, and Sun*s Declinatioq 
T 5^ 29' North, to find at what time the Sun will be 
dac Bailor Weft, 

iu the right-angled Triangle Abaia the former 
. Figure, there is given the Side 4 <r i^^29'') and the 
ppppfite Angle dAb^i^ii^i to find the Side bA 
the time from Six/ Then, 

As Radius to ct of 4 A & ^ i^ 32^ the Lat. 9.90009 
So t. of 4^15'' 29^ the DecUnation ^-4424^ 

To 8. ^ A 1 2*" 43^ the time from Six 9-34^58 

Which being reduced to Time, makes 51 min. feri^ 
which added to 6, gives tf h. 5 x m. at whiclf time 
the bun comes to the Eaft, and being fubtraded 
from tf, the remainder is 5 b. 9 m* at which time the 
Sua is duq Weft- . r . , 
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PROBLEM Vn. 

The Ldtitude ef the Plaeey *»d Sun^s Declination 
^eittg given, to find the 9un^s Altitude^ being 
due B*ft or Wefi, 

EXAMPLE. 

la the Utitude yi'si', and Dcclinatioa 15* 29' 
jqortb, to find the Sun's Altitude, being due Eaft 

In the right-angled Triangle kha in the former- 
Fienre. there is given the Side 4^15' 29', and the 
joppofite Angle 4A* s^'sa^ ««> Sod ^^^ Hypotbe- 
nnfe a A« Then, 

As 8. of 4 A fr 5 1! 32' the Latitude 9.89374 

To Radios . „ _ »°- ^ 

So s. of 4 1 1 5° »9 the Declinatiott 9-4i<544 

To 8. of 4 A 19* %6' the Sup's Altitude j '.^^^^ 
atEaftorWeft > 



PROBLE^^ VIIL 

The Istitttde of the Vltce, and the Sut^s Declina- 
tion heing given, to find his Altitude *t Sts(f 
the Clock. 

EXAMPLE. 
In the Utitude si" 32', and DecUnation 1 5" 29', to 
find' the Jiun's Altitude at Six. ,.,.,« 

• la tie tight-angled Triangle A 4^, in the foDow- 
ing Figure, there is given the Hypotbenufe A 4 i <• 
ijVand the Angle * A 4 51° 32', «« find th« 5«ic 4 J. 



^6t 
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As Radius 

To s. A 4 1 5^ 29' 

Tos. 4* 12'' 04' 



10. 

9.42(^44 
5^89374 

9.32018 



So the Altitode of the Son at Six is 1 2* 04', 




PROBLEM IX.. 

The Latitude of the PUee^ and SufPs Declinsthm 
tei/fg give fly to find his Azimuth dt Six. 

EXAMPLE. 

la the Latitude 51' j2', and Dectiaation i^^9^ 

^orth, to fiad tht Saa's Azimuth at Six. 

la 
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In the right-angled Triangle A ^frii, thtre is given 
tbe Hypothenufe A 4 the Saa's DeclinatioO) aod ttie 
A0gk aAb ^i^^i'i to fiod tbe Side A b. 

As Radius to tbe t. of A 4 i$^2p^ tbe> 
Declination S ^++^49 

Socs.ofiiA^ S^'^Bi' 9.79383 

To t, of A t p* 55', the Azimuth from ? . , ,^ 
theEaft S ^•^3<J3i 



■^^*^i^^i f I 



PROBLEM X. 

The Latitude of the PUce^ the Sun^s Altitude^ mA 
Declination being giv en j to find his Jzimuth. 

EXAMPLE I. 

In the Latitude 51'' 32^ Norths the Declination 23^ 
3c/ Northland tbe Altitude 44.'' 40^ to find tbe Sun's 
Azimuth. 

in the oblique-angled Triangle DPZ, there are 
given, the three Sides ZP 38"" 28^, the Complement 
of the Latitude DP 66^ 30^, the Complement of tbe 
Declination, or the Sun's Diftance from the elevated 
Pole, and DZ 45'' 20^ the Complement of the AIti« 
tude I to find tbe Angle DZP9 the Sun's Azimuth from 
tbe Norlb. 

By §befirjt Prof mien denmfirated. Page 76, 77. 

D2 4^° 20O DP opp. to 2=r<f6' 30^, the half is 33' i $' 
ZP 38 28 |Theh8lfOi0;addaadirubtraft 3 2tf 

Difi; < 52 r San 3^ 41 

HairT^Jj Diff. 29 49 
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The Sam 36^ 41^ Sine 
The Diff. 29^ 49' Sine 



The half Sam is the Sine of ss"" oi^ 



Part ir. 

0.148003 

0.20^ I tfS 

9.59^554 



The Sam 19.82^984 



9*9^349^ 



. Doubled is =r xio o2 = the Angle 2^ 
which is the Aiimath from the North part of the 
Meridian. 



EXAMPLE 2. 

In the Latitude si'' 32' North, the Sun^ Declina- 
tion 15° 30' South, and the Sun's Altitude i^^ 40^} 
to find the Azimuth frdm the North, 

In the Triangle © P Z, there is given PZ 38*28', 
®Z 74*20', and ®P 105*30', the SanV Diftaoce 
from the North Pole i to find the Angle ® 2 P. 

By the fecond Profcrtian demonfirattd^ Page 79* 

PZ 38*^ 28'"^. © Z 74"* 20' Ar. Com. 0.015442 

®Z 74 20 I PZ ii^'iS' An Com. 0.206168 

Bafe ®P 105 30 I Half Sum 1 09'' 9' Sine 9.975277 

I Diff: ^^ 39' Sine 8.80387^ 

Sum 218 18 I 

Half 



109 9 



Diff: 



3 39 



19.001763 



i Sum is theS. of 1 8''28' 9.50088 1 
Which donbl. is 36 56 

Which 36^ 56' is the Azimuth from the South ; and 
the Complement to 180'' is the Azimulfb from the 
North 14J'' 04'. 
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EXAMPLE 3: 

In the Latitade 51^ 32^ Sooth^ the Son's Dedioa* 
tion if id Soatb, and his Altitade 44'' 40^ \ to find 
his Azimuth from the Sooth. 

In the Triangle DZP, in the former Fignre, let P 
reprefent the Sooth Pole ; then there is given PZ ^V 
tA' the Complement of the Latitode, DZ 45^ 20^ the 
Complement of the Altito<fle, and DP 6^ 30^ the 
SonSs Diftance from the; elevated Polej tofindPZDj 
the Sun's Azimoth from, the Sooth. 

The Operation in this will be the lame as in the firft 
Examine, and the Azimoth from the Sooth wiU be 
I lo"" 02^9 the (ame as befidre. 
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EXAMPLE 4- 

Ifi the Latitode 5i''32^SoQth, the Son's Declina- 
tion I ^''icf North, and his Altitude i^ ^' \ to find 
the Azimuth from the Sooth. 

In the Triangle ©ZP^ let P reprefent the South 
Pole; then there is given PZ 38 a8', ©Z 74^20', 
and •P los"" 30^9 and @!ZP required* 

The Operation is the fame with the fecond Bxam« 
pie. and the Azimuth from the South wiU be 143* 
4»4% the fiune as in that. 



If the Sun be in the Equinodial, you may find the 
Azimuth by the foOowing Proportion. In the Tri- 
angle C£2^ JEZ is the Latitude, and CZ the Com* 
plementof the Sun's Altitude } therefore it wiQ be. 

As Radius to t. of the Lat. JEZ ; fo t. of the Al- 
titude, 10 cs. of iEZCi the Azimuth from theSouth. 



PRO- 
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PROBLEM XL 

Th iMitede ef the PUse^ the Sam's Ded 
smd Jltttmde ietag givem ; tapUtheHmr^ 

EXAMPLE I. 
In the Utitode 51' 32' North, the Sim*s DccUns. 

UVL the Hour from Nooa reqaired. The Work, 

DP tftf* io^ DZ opp. to P=4<' 20' the ^U » >• ^ v 
PZ 58_28 I Thcf Diff addiildfubtr^* \\t 

m[.^ox> The Sam "^T;: 

HalfTT^J, '^^^^ iZ 

nU Is'l'rhcArith.Comp.off?!'* o-o576b« 

TbeDiff 8»3i/ Sioe |.,^4£ 

The Sum 'P-IP7277 
The half Som U the Siae of 23" 23' 9598638 

Which doubled is 46 4tf=tbe Ang. DPZ. 
Which in time is 3 Hoars 7 Minutes from Nboo. 

EXAM. 
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EXAMPLE 2. 

la the Latitude 51"* 32', the Sun's Declinatioa 
15"^ 3.0' Souths aud his Altitude 1 5'' 40' j to fid the 
Hour from Noon. 

In the Triandc ©ZP, in the former Figure, is 
given PZsS** a8^ ©Z 74'' 20', and ©P ics^jo'i and 
0PZ the Hour from Moon is required. 

©P los^'ao'l ®P 10s ""so' Sine Ar. Com. o.oi<Jo8p 
PZ 38 28 I PZ 38 28 Sine Ar.Com. 0.206168 
Bafc 74 20 [ Half Sum 10/ 09' Sine 9-975277 

Diflf. 34 49 Sine 9.756600 

Suni 19-954134 
The -i S. is the s. of 71** 33' 9.977067 



Sum 218 18 



Half 109 09 



34 49 jl WhofeCompU is 18 27 

Which doabled is 3d S4=Aa.6PZ 

Which in Time is 2 hoars 27 mio. stf feconds froia 
Ii^oon. 



PROBLEM XII. 

The Latitude tf the Plaeey the Sa»*s Deelinsthn^ 
d»d the Hour of the Dsf giveny to fnd. the 
Sun's Altitude, 

EXAMPLE. 

In the Latitade 51" 32' North, the Son's Dedi. 
' nation 33° 30', and the Time Afternoon 3 h. 7 min. 
equal to 46^ 4$'. 

I 
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I ihall here make ofe of Mr. Collinses Proportion men- 
tioa'd in Csfe 9. of obliqac'^aogled fpberical Trian* 
gles. See aa Example, Pmic 145. 

The Compl. Lat. si"" 28' Sine 9.79383 1 7 

TheComp. of Declin* 66^ 30^ Sine 9.9523978 
Log. of 2 o«3 o 1 0300 

The fixed Logarithnr ^0.0572595 

Log. Sine of 23''23' (half thehonr)^ , ^ ^ 

Jonbled add _ ^ 191973204 

The natnral Sine againft it is 1 796607 j;9«2 $45799 

The Sommer Meridian Alt. is tf i"" <8S oq«^ 
itsnafcs. I ^^^^743 

From which fnbtraft 1796607 

Remains 70301 3^ 

Which Remainder is the natnral Sine of 44'' 49'; 
the Summer Altitude for the hour and minute pio^ 
pofed. 

The Winter Meridian Alt. is i4«58',> «88ioo 
and iti natural Sine s ''5«»o»^ 

Sabtrad the former Difi*. 179^607 



Remdns the natnral Sine of-> Rem. 791583 
4** 32', the Winter Altitodef 
ror the fa. and min. propofed.< 



PEQi 
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PROBLEM XII- 

The Latitude of the PUce^ the Sun's DeclinatioB 
AMd the Hourgiven^ to find the Sun^s AzJmuth. 

EXAMPLE. 

In kheLatitadc 51'' 31^ Kortb, the Son's Declina- 
tion I f 30^ Soatb, and the time from Noon 2 h« 27'. 
3tf'^eqaal to 36^ 54^ to find the Son's Azimuth. 

In the Triangle 0PZ (in the former Figure,) there 
are given the two Sides PZ sS"" 28V and ® P 105* 30', 
and the contained Angle 0PZ 36^ 54^ to find the 
Angle ®ZP« 

®P 105^30' 
PZ 38 28 



Sum 143 58 halfSum = 7i''SPS®P2 3(5^54' 

Diff 67 02 halfDiff=33 31 ^half 18 27] 

As s. of the half Som of the Sides 7 »"* S?' 0.02 1 83 5 
To s. of half their DifT. 33 3^ 5^742080 

Soct. ofhalfthecont.Ang. 18 27 10.47^741- 

To t. of half theDifF. of the oppoCte? . ^ ^ _^^^ 
Anglestfo^o/ S ^^•^4o<JStf 

Ascs.of half the Sam of the Sides 71'' 59' o.$o96x9 
Toes, of half their Difference 33 31 9.9^*023 
Soct« of half the contained Ang. 18 27 10*47^74^ 

To t of half theSom of theoppofite> no^^o* 
Angles 82- s/ * V ?^-S^739a 

fib The 



2 ^o Aftronomkal Trohkms* 

The i Sam of the opp. Angles 82' 57' 
The t Diff. add 60 07 



The Sam 143 o^rseZDreqoired. 



-*» 



PROBLEM XIIL 

The Ldtitttde of the Pldce, the Suifs Mtituit, 
and Azimuth given \ to find the Htmr, 

EXAMPLE. 

In the Latitadeji** 32', the Son's Altitude 44*40', 
and his Azimath n-om the North iid' ox' \Xo find 
the Hoar from Noon. 

In the Triangle DZP, there are ^ren the two ^des 
DZ 45° 20', the Compl. of the Altitude ZP 38* zS', 
and the contained Angle DZP 1 10" 02' \ and tbe op^ 
polite Angle required. 

DZ 45' 10' 
PZ 38 28 



Snm 83 48 f Sam=i4i'54'^DZPiio'o2' 

6 52 iliiff=:3 itfSthc* 55 01 

As s. of tbe half Sum of tbe Sides 41'' 54^ 0.175332 
To s. of half their Diff. 3 26 8-777333 

So ct. of half tbe Angle DZP 55 of 9.844958 

To t. of half the Diff. of the oppofitcj « , ^ 
Angles 3" 3 S' S ^'^9161^ 



As 
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A.S cs. of the half Sam of the Sides 41'' 54^ 0.12824; 

1"ocs.of half their Diff! 3 26 9.999220 

Soct. of half the Angle DZP 55 01 9.844958 

^o t. off the Sam of the opp. Angles? , , , 

The half Di£ add 03 3; 

The Sam 46 4^ r= Ang. DPZ 

So the Time from Koon is 3 h. 07 mia* 



PROBLEM XIV. 



7 be Ldtitude gni Longitude of d fixed Star being 
given^ to find tbe right Jfcenfion.dnd Dedind^^ 
tion. 

EXAMPLE. 

The Longitade of TMux is 19'' i ^ of Cancer^ and 
his Latitude ^ 40^ North ; to find bis right Afcea- 
fion and Declination. 

In the obliqae-angled Triangle SPE, there aregirea 
the two Sides PE 23"" 30^, the diftance between the 
Pole of the Eqaino&ial, and the Pole of the Eclip«- 
tick \ SE 83'' 20', tbe Complement of tbe Star's Lati- 
tude \ and the contained An^e 19^ 14^, the Longitude 
from Cmwer ; to find tbe Angle SPE, tbe Comple« 
ment to 180 of the right Aicenfion from Cancer^ 
and the Side SP, the Complement of Declination. 

SE 83^ 20' 

PE 23 30 

Sam lotf 50 f Som 53** 2$\ Tbe Anele SEP 19" iV 

. i; Diff. 2p sy 5 The half p 37. 

Biff. 59 50 

Bb 2 At 



J7» 
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As 8. of half the Som of the Sides $3" 1$' aopsiSp 
Tos.of half their DifH 29 55 9-«97874 

So ct. of half the Angle SEP 9 37 » 0.770993 

To t. of half the Diff. of theoppofite? ,0.554, 5^ 
Aaglet 74* 44' 5 •? *f J 

As C8. of i the Sum of the Side$ 53* 2 5' 0.1147*0 
To cs. of i their Diff. 29 55 9'9i7^9S 

So ct. of t the Angle SEP 9 37 » o.77<>993 



^ Angus • '^ ^""^ '^ ts'"'??*'^''? "•^33<y4« 
The half Diff. add 74 44 



^ 



Sam 158 05 = the Angle SPB; 

Whofe Complement to iSoms 2i« 55', the right 
Afcenfioa from CMCtr i to which add 90" the right 

Aicen- 
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.Afcenfion of Cancer^ the Sam is 11 T 55^^ the right 
jAJcenfioQ from Aries. 

For the Decliaatioo: 

Ass.efSPE 158*05' (or 21^ 55') .0.427991 

To s.of SE 83^ 20' the Comp. of Lat p.99705 3 

So 9« of SEP ip"" I V the Long, from 9 9.5 1 7745 

Tof, ofSP6i'^i4^theComp.of Deciin. 9*942789 

Whofe Gomplemeat 2S° 46' h the DecUaation 
Northerly. 



PROBLEM XV. 



The r^hi Afeenfi<m Mi DeeU/tdtum tf 4 fixed 
StMT beit^ given ; to find the Lot^ituie and 
thereof. 



EXAMPLE. 

Hie right Arctafion of Ptlhx being 1 1 1** 55', and 
his Dedinatlbn 28" 46' l^orth ^ to find his Loogitode 
and Latitude. 

In the obliqoe Triangle SPB, there are ^ren the 
two Sides PE 23"* 30', SP tfi"* 14', and the con- 
tained Angle SPE t$Vo$' i to find the Angle SEP, 
and the third Side SE. 

SP 61" 14' 
PE23 30 



Skm 84 44 the i Som 42** 22'^ Ang. SPE 1 58** oj' 
"DiSiij 44 tDUr. 18 szSrbe half 79 02 1 

Bb 3 As 
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As s. of f the Strtn of the Sides 4i^ix^ 0.17 1421 
To s. of t their Difi*. 1852 9.50^96 

So ct. of i the Angle SPE 79* 02' f 9.2869^3 

Jo t. of t the Diflf. of theopp. Ang. 5^ 19^ 8.968081 



As cs. of f the Sum of the Sides 42P 22' o. 1 3 1 445 
Toes, off their Diffl 18 52 9.97^617 

So ct. of ^ the coataioed Ang. SPE 79 02 i 9.12^963 

To t* off the Sam of the opp. Aog. 1355 9*39441% 

The half Di£ add 5 19 

The Sam 19 i4s=5SEP the 

Long, from 

•. - 

Tp find thf Latitadp. 
As s. SEP 19'' 1 5^ the Long, from Cmmot 0^225^ 
To S.SP 61^ 14^ the Comp. of Decliaatioa 9.9^79^ 
So s. SPE 1 58^ 05^ the Comp* of right Afien. 9.572009 

To s. S£ S^"" 20^ th(B Comp* of the L^t 9*997059 

Hence tbe Latitnde is tf° 40' Korth. 
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PROBLEKf XVL 

y%e Difidnae tf s FUaet^ Cornet^ or mew Star, 
from two knowM fxed Stars , being riven ; to 
find the utfknow^ iitMr*s Longitttde mm JLdtftu4e, 

EXAMPLE. 

IPhp nq^own St^r'y Diftance from the Suuh^s BfMk 
l«4l?°oy', and from Ptrftut*% Sd* 88* 5/} to M 
fhf Loi>gjto<lei|ndUtifad«tIjercj»fj - ^^ ^ gari^ 
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*^°' Eof P«r/m'8 S;</* W 27 43 S "*• i3o 09 N 



and the contained Angle A ED 120'' i^f^ the Diffe- 
rence of Longitude between the tw^ Stars } the 
Angle DAE, and the Side AD required. 

DE SP^'Si' 
AB 40 58 

100 49 half Sam 50' 24 f^ Ang. AED 120* 36' 

18 53balfDiC 9 26 1^ half 60 18 

As s. of the t Sam of the Sides 50° 24' f 
To 8. of % their Diff. 9 2<s t 

So ct. of i the Angle A£D do 18 



To t. of 4 the Sam 41 2tf 
Half Diff. add tf 5; 



The Ang. DAE 48 21 



Ass. DAE 48' 2i' 

To 8. OE S9 51 

So s. AED 120 16 

To s. AD 84** %€f 



60 

0.113168 ' 

9.214958 
9-156171 



To t of i Diff*. of opp. Angles tf 55 9.084298 

As cs. of Y Som 50** 24' 4. 
To cs. of i piff 9 2d I 
Soct.of4theAng.60 18 



0.195648 
p.994077 

9-1561'jl 
9945897 



Bb4 



0.126552 

9.93<5872 
9.934873 

P ■ 

9.998297 

2. In 



# 



•-/ 
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2. Ifl the Triangle ADB, there are gi^en the three 
Sides, AD 84° 56', the Diftaace between the two 
known Stars ', AB49''o5', the anknown Starts Dif' 
tance from the Swan's B«Mi i BD 88" $7', the DiftancB 
from Ptrfevs*s Side ^ and the Angle DAB reqaired. 

AD 84* 56^^. AD 84° 56' s. Ar.C.o.c>oi7o| 

AB 49 05 I AB 49 05 8. At.C* O'ltiSjx 

BD 88 57 I -f Sam III 29 s. 9.968728 

Diff. 22 32 8. p.583449 



San 222 58 > 




$am X9.tf7555» 



fine of 45" 30' .5. Sam 9.837774 



Which being doobled makes 93' oo', the A°Sl? 
DAB ) which being added to the Angle DAE, the 3am 



is the Angle BAE 141' >i t 



Irft 
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3. la the Triangle ABE, there are given the two 
Sides A£ 40"" 58^, AB 49"" o$\ and the contained 
Angle BAB i4i''2i\ and the Angle ABB, the Dif- 
ference of Longitude between the nnknown Star and 
the Swans Beak i the Side B£, the Compiement 
of the unknown Star's Latitude^ is required. 

AB 49^ oj' 

AB40 $i 

Sam 90 03 4 Sam 45 o^ ^^ Ang. BAB 141*^ 21^ 
Diff. 8 07 4 DiiF. 4 03 f S half 70^ 40 f 



/ 



As s. of the half Sam of the Sides 45"^ 01^ f 0.150325 

To s.^ of half their DifF. 4 03 v 8.849861 

So ct. of half the Angle BAB 70 40 1 9-5449.1 7 

To t. of -J- the Diff of opp. Angles a^ 01' 8.545 104 



As cs. of the half Sam of the Sides 45"* o 1 ' i a 1 50704 
To cs» of the half Di£ 4037 9-998910 

So ct of half the Angle BAB 70 40 f 9-544917 

To t. of j. the Difn of opp. Angles 26'' lo^ 9.<^9453< 
Tfae half Diff; add 201 

Sam 28 2i;=the Ang. 

AEB. 

Which added to the Longitude of the Swanks Beaij 
w 27^ 07^, make$ the unknown Star's Longitude to 
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As s. AEB 18* 2 1' 0.323438 

To s. of AB 49 o< 9.878328 

Sos. ofBAE 141 21' 9-79S57S 

To s. of BE 83*40' 9*997341 

Wbofe Complement 6* 20' is the anknown Star's 
Latitode Northerly. 



PROBLEM XVn. 

The MeridsM Altitude cf an uuknowH Star or 
PUnet^ and the Difisnce from 4 kmmn fixed 
Star bein^ given ; to find the unknowf^ Star^f 
Ldtitude dna Longitude,. 

EXAMPLE. 

In the Latitude 51^ 32^ Morth. the Meridian Al« 
titude of an unknown Star is 7$ 49^9 and his Dis- 
tance from the right Shoulder of Ori^n 54^ 30' } to 
find his Lofigitode and Latitade. 

If yoQ fabtraft the Complement of the Latitnde 
iV 28' from 75"" 49^9 the Star's Meridian Altitade» 
there will remain 37* 21", the Star's Declination 
North. 

In the Triangle AOP^ there are given the three 
Sides, OP 82"^ 39^ the known Star's Diftance from 
the North Polej AP 52'' 39', the unknown Star's Dif- 
tance from the Pole ^ and OA the Diftance betweeo 
the two Stars ^ the Angle APO required, being the 
Difference of right Afcenfion of the two Stars. 



OP 
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OP 82* 39' Sine Ar. Cotn. 0.003583 

AP 52 39 Sine Ar. Com. o.og^ee^ 

O A 54 30 Half Sam 94* 54^ Sine 9*99841 o 

— — - Di£ 40 24 Sine 9.81 1655 



Sam 189 48 
'^ Som 94 54 
piff*. 40 £4 



Sam 



ip.9»33n 



1po«fi.aeofas*i^ f Sam 9-9^66$$ 
PoaUed is 50 aon^he Angle APO. 



Which fobtraaed from 84"" 53' the right Afcen- 
(on of QriVs Shoulder (hecmie the Star was Weft* 
ward from OrUn) there wiQ remain 34"" 33^ the right 
Aicenfion of the anknown Stan 

Then having the anknown Starts right Afcenfion 
and Declination, yon may find his Longitade and 
^titade by Pr9btm the i jth. 



PRO 
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PROBLEM XVia 

Having the Latitude of s PUce^ the Sun's f^Af 
Afeen^n, and the Altitude of * knowm fixed 
Sur ; to f»d the Hour of the Night. 

EXAMPLE. 

la the LaCitode 51' 32' the Saa's right AfceoCoa 
ztV^%'y and the AXtii^At oi Aldtbsniiiy or the Soa- 
thera Eye of the Btdl^ 32° 3c/, to the Eaftward of 
the Meridian ; to find the Hour of the Might. 

The ri^ht Afcenlion of AldtbarM is 64" 51', and 
Decliaacton 15*5)'- 

lo the Triangle APZithere are girea the three Sides, 
PZsS" 28', thcComp. of the Lat. AZS7"3o'. the 
Cotnp.ofthe Star's Altitude J AP74"o5, theCom- 
plemeat of his Decliaation ; to Gad the Aagle APZ, 
the DtfKirence of right Afcenlion between the M$- 
diumCtdi iod AldcbsrMii^ 




Ai; 



^ 
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AP 14^0^' Sine An Com. o,oitf978 

ZP 38 28 Sine Ar. Com. 0.206168 

A25730 fSamSs'^Gi'l Sine 5.998360 

■ Diff. 27 31 f Sine 9.66/^r]69 

Sam 170 03 



i-Sum8$ 01 1 



19.88627$ 



Co-fine of 28* 41' 9«p43 1 37 
Diff. 27 3if 

If 28"" 41^ be doubled, it makes 57^22', the Angle 
APZ } which being fubtraded from 64"" 51^9 the right 
Afcenfion oi jStdebarsmy there remains 7^29', the right 
Afcenfion of Medium Cali. Add 360 to 7"" 29"", and 
from the Sum fobtrad the right Afcenfion of the San 
228^4$', the remainder is 138'' 44^, which reduced 
to Time makes 9 hours 1 5 min, feri^ the hour of the 
Night, 



t^^m^ 



PROBLEM XIX. 

The Elevjahn of the PoUy dnd the DeclinMticn of 
' the Sun being given \ to fnd the jufi qusntitj 
if Ttpi light. 

EXAMPLE. 

In the Latitude 51^ 32V and Declination of the 
Sun 1 1"" 30^ North, what time is it break of Day ? 

' In the Triangle ©PZ, there is given ZP the Com- 
plement of the Latitude^ 0P the Complement of the 
Sun's Declination^ and C)Z which is 90^ with 18^ ad- 
ded, (i8deg« being the Depreflion the Sun is reck- 
oned to have below the Horizon when Day*light 
firft of ail breaks forth to find the An^le 0PZ. 

ZP 



1%1 
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ZP 38*28' sine Ar.GonL o',io6i69 

®P 78 30 Sine Ar.Coni. 0.008807 

®Zio8 00 f Sam 1 1 2' 29' Sine 9.965668 

. I Diff 4 29 Sine 8.89303$ 



Sam 224 58 
iSafllii2 29 



19073^78 



Co-iiae of 69*' S^' "^Som 9-536S39 
Doubled is 1 39 44 = the Ang. OPZ. 



Which reduced into Time makes 9 hours 19 mia; 
/#r#, which is the time of Twilight ending when the 
Son enters tf in the Latitude 51^ 3I' North* And 
fubtrading 9h. 19' from 12 h. there will remaia 
2 h. 41^ the time of Day-breaking* 

If the Sun have South Declination^ then 1 8^ the 
Sun's Deprtflion below the Horizon muft be fub- 
traded from 90% and the remainder will be the Sun^s 
Diftance from the NsMr. Thjis 



w 
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Thus if the San be entriag Scarph^ and (b have 
1 1"^ 30' South Declioation i then^ in the Triangle 
BSN, we Ihall hare the three Sides SNsS"" 28^, the 
Complement of Latitude ; BS the Sun's Diftance from 
the South Pole, or Complement of his Declination ; 
and BN72''oo^, the Sun's Diffance from the Nadir 
given i to find the Angle BSN. 

SN 38*28' Sine Ar.Com. o.2odi68 

SB 78 3<^ Sine Ar.Com. 0.008807 

BK 73 00 ^ Sum 94* 29' Sine 9.99S669 

* Diflr.22 29 Sine 9«s82<34 

Sum 188 58 , 

■ ■ i> ■ 
f Sum 94 29 



12 29 



19.796178 

Co-fine of 37*44' 9.898089 

Doubled is 75 28 = the Aug. BSN. 

Which reduced into Time^ maizes 5 h. 2 min. fer^^ 
for the time of Day-breaking in the Morning ; and 
being fnbtraded from 12 h. there remains <lh« $8 
min. for the end of Twilight in the Evening. 



«yk 
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PROBLEM XX. 

V 

7^e Ldtitude of a PUce^ the Sun^s fUce m the 
Eclifticky Md the Time of the Day givem ; to 
find whdt Point of the Ecliftiek culmmstes im 
the MeriMdnj the highejt Point in the Ecldf^ 
tick (cdled the Nonageuma Degree^ or 90/^^ 
Degree of the Eel if tick J the Dijiance of edch of 
thefe from the Vertex^ dnd the Parslld£Hck jtn^ 
gle^ or Angle which the Vertical Circle mdkes mth 
the Ecliftick. 

EXAMPLE. 

lathe Latitude si"" ^i\ the Son's Place S 6.00; 
and the Hoar 9 ia the MorniDg, being given 9 to 
find the Point of the Ecliptick calminating^ the £to«- 
nagefima Degree, and the Paralladick Angle. 

To delineate this Figure. 
Having defcribed the Primitive Circle reprefent- 
jng the Ecliptick, and drawn the two Diameters 
T K :£:, whkh is the Eqninodial Colore, and S R 
V theSolftitial Colure; next draw the Meridian 
n P ^ thro the three Points, U the Sun's, place, P 
thi Pole, and t the oppofite Point to H : this is cal* 
led the proper Meridian- 
Then draw the Parallel ABED called the Path of 
the Vertex, thus : Find the Sum and Difference of the 
Complement of the Latitude 38*^ 28', and 23* 30' 
the Diftance between the Pole of the Equinodial P, 
and K the Pole of the Ecliptick ; fo the Sum is 61"* 
58', and the Difference is I4°s8'i fet the half Tan- 
gent of iJi'*58' from K to A^ and the half Tangent of 
14'' 58' from K to E, the middle of that Diftance is 
the Center, 

Then 
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Thpn at 45 deg. (or 3 hours) Diftanoe (the Time 
Jom Noon) draw th« Meridian GBP, cutting the 
Path of the Vertex la B, and the Ecliptick in C and 
in F. 

ThroHB and « dr^w the Vertical Cirde; and 
thro K and B draw the Circk of Longitude, to cut 
the ficliptick in N j and it is done. 

^ I. C f« the Point of the Ecliptick cnlminating, or 
in the Meridian of the Place, at the given time* 

2. N is the JSIonagcfima Degree, or higheft Point 
or the Ecliptick, at the fame time. 

3. CB, and N6, are their refpeftive Dift. nccs 
from the Vertex of LmtUn^ at that time. 

4. The Angle N H B is the Parallaftick Angle, or 
Angle which the Vertical Circle makes wiOi the 
Ecliptick, at the fame time. 




Cc 
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Then in the right-angled Triangle P s C^ 

1. The Angle CP ^ is the Complement of the 
right Afcenfion of the Medium Ggli^ or the Point of 
the Ecliptick in the Meridian of the Place at the pro- 
pofed Time, and beine the Time from Noon (when 
Afternoon, added to tbeSun's right Afcenfion, found 
bj Prtfblimi. bntwhen thepro|po(ed Time is iathe 
Forenoon, it is fabtraded) in this Cafe is 77^ 1 1^, the 
Complement of 11'' 49', fonnd by fubtradiog (the 
Time) 45^ from 57^ 49^ the Son's right Afcenfion. 

2. The Side P • is the Complement of the Dif. 
tance of the Poles of the Ecliptick, and Eqninoftial, 

3. The Side C s is the Complement of C r , the 
Longitude of the Mid-heaven, or the Point of the 
Ecliptick culminating in the Meridian at the propo- 
fed time. 

4. The Hypothennfe CP, the Diftance of the Mid- 
heaven from the next neareft Pole of the Globe, 
at the fame time. 

Then to find the Leg C S, the Point cnlminating, 
the Proportion is. 

As Rad. to s. P • 66^ 30' 9.952398 

So t. of the Angle CP s 77"" 1 &' 10.643018 

To t.of C « 76** 04' 10^0541 6 

Whofe Complement 13* ^6' i| T C, the place of 
Medium Cceli in the Ecliptick. 

Then to find the Hypothennfe CP ; 
As Rad. to cs« of the Ang. CP ^ 77"^ 1 1' 9.345024 
So ct. P « 66^ i(/ 9.638302 

To a. of the Hypothennfe CP 84** 28' 8.984325 

From 
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From which take PB the Diftance of the Pole from 
tbe Vertex 38"" 2S\ the remainder is BQ the Dif- 
taace of the Medium Cceli from the Vertex 45 deg. 

Thea io the obliqae-a ogled Triangle PBK, there 
are given, the Side PK, the Diftance of the two Poles 
23"" 30^ i the Side PB^ the Complement of the Lati« 
todeof the Place sS^'iS^; and the Angle KPfi, the 
Complement of the Medium OxH to 1 80, or its Dis- 
tance from ^9 in this Cafe being 102^ 49^ : the An« 
gle PRB» the Longitude of Nonagefima Degree from 
the firft Point of s, and the Side KB, the Complex 
meat of the t^onagefima Degree's Diltance from the 
Vertex^ are required. 

Firft, For the Aoglc PRB, it will be thus : 

PB 38" 18' 
PK 23 30 

Sum tfi 58 iis=3o^5pSThcAng.KPBio2%9' 

Diff. 14 S8 tis= 7 ipSxhehalf is 51 24^ 

As s. ofibe half Sum of the Sides 30^ 59' 0.288371 
To s. Qt half their Diff! 7 29 9.1 14737 

So ct. of half the Angle KPB 51 24 9.902160 

To t. of half the DiE of the oppofite? ^g 
Angles ii'^s' S s''*"'''^* 
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Ascs.of half the Sam of the Sides 30° 59' o.o<Stf85S 
To cs. of half the Diflf. 7 iP 9'99^2.S$ 

So ct. of half the Angle KPB 5 1 24 9.902 1 <5b 

To t. of half the Sam of the oppofite? „«x^^^«. 
Angles 42- 43' $ 9-96^30^ 

The half Diff! add 11 25 

The Sam is the Ang. PKB= 54 08, or » N. 

Sabtrad it from 90 00 



Remain, is theNonageCma 35 52 from T. 

That is, the Konagefima is 5 52 ia v^ 

Secondly, To find the Side KB. 

Ass. of the Angle PKB 54*^08' 0.091310 

To s. of the Side PB iS"" 28' 9.793832 

So s. of the Angle KPB 102'' 49' 9.989042 

To s, of the Side KB 48 27 9.874184 

The Diftance of the Vertex from the Pole of the 
Ecliptick^ equal to which is the Altitude of the 
Nonagefima Degree, whofe Complement is 41^ 33^ 
is 14B, its Diftance from the Vertex. 

Again, in the right-angled Triangle K N B. 
The LegN n 24^08', the Sun's Diftance from the 
Nonagefima Degree, found by fubtrafting T^N 3S** 
52^ from rn ^o deg. and the Leg KB, the Diftance 
of the Nonagefima Degree from the Vertex, foand 
as above, 41'' 33^ given ^ the Hypothenafe HB, the 
Sun's Diftance from the Vertex, and the Paralladick 
Angle N It B is required. 

To 
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To find the ParaDadick Angle. 

As Radius to s. of N H 24^ 08' 9*611 575 

SoctMB 41'' 33 iQ.052428 

To ct. of the Angle N H B tf s'' 14' 9.6(54004 

Which 6f 14' is the Paralla£tick Angle at the 
San. 

To find the Sun's Diftance from the Vertex n B. 

As Radius to cs. H N 24^08' 9S6oiyg 

So cs. NB 41'' 33' p.8741 20 

Toes. II B 4f 55^ the Sun's Diftance^ g 
from the Vertex, S >''"^'^^>'^ 

But to calculate the Paralladick Angle at the Mood, 
or at a Star^ that has Latitude from the Eclipticlr, 
will require a little more Labour ^ as in the next 
Problem. 



Cc J P R O^ 
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PROBLEM XXI. 



/ 



The LdtHude of the PUce^ the Sun^s PUce in fit 
Ecliptickj the Time of the Ddj or Nighty smd 
the Lofigitude Md Latitude of the Moof^j or 
of d Stdf^ being given ; to find the PjUdl" 
tdSUck Angle dt the Moon^ or df s StdTj duti 
its Pijidncefrcm the Vertex. 

EXAMPLE. 

In the Latitode 51'' 32' North, the So o's Place 
H o. 00} the Hour 9 in the Morning; the Sur 

C^felUy whofe Longitude is 17^ 49MQ Gemini j bis 1 

Latitude ^^^ 52' North, being all given : the Parallac- I 

tick Angle at the Star, and its Difliance from the ^ 

Vertex are required. \ 

Firit, Find the Place of the Star in the laft Scheme, 
and through the Star and the Vertex at B defcribea 
great Circle. 

For :<^ B is the Star's Diftance from the Vertex \ 
and the Angle K ^ B the Complement of the Paral- 
la&ick Angle required, 

la order to the finding them by CalculatioiL Firft, 
JFind the Place of the Nocagefima Degree by the laft 
froblem^ which is « 5* <i'^ or r N 35°Si'. Se^ 
coodly, The Diftance or the Nouagefima Degree 
from the Vertex, which will be NB41'' a'. 

Then in the oblique-angled Triangle * K B, 
the Side K ^4^ i the Scar's Diftance from the next 
Pole T)f the Ecliptick, or the Complement of its 
Latitude, which in this Exsmfle is 67^ 08^ i thp 
Side KB, the Diftance of the Vertex from the 
faid Pole, which is equal to the Altitude of the No* 
/)^geGffla Degree, and is here 48*" 27', found by the 
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laft frtMtm } the Aogle :(( K B, the Difference of the 
longitude of the giren Star, and the Nonageiina 
Degree, which in this Example is 41" 57', and is the 
Difference of TN 35° 52', and Ty 77* 4^ being 
all gJYeo : to find the Angle K 4^ B, the Comple- 
ment of the Paralladick Angk at the given Star, 
and the Side ^ B, the Star's Diftance from the Ver- 
tex. 

Firft, to find the Angle K :4c fi. 

K * 6fol' 
KB 48 27 

Som 115 35 t i» 57° 4/ fp The A. * KB 41" 5/ 

Diff: 18 41 fis p 30 ^S The half is 20 $8f 

As s. of the half Som of the Sides 57° 47' f 0.072571 
To s. of half their Difi^ 9 20 f 9,110^16 

So ct. of half the Angle 'K K B 20 $8 f 10^16389 

To t. of half the Diffi of the oppofiCep ^ ^ 
Angles 26^35' S ^^^ 

As cs. of half the Sam of the Sides 57^ 47' \ o.^^%^^4k 
Toes, of half their DiflC 9 20 f 9.994201 

Soct.ofhalftheAQg. :fcKB 20 58^ 10.416389 

Tot of half the Som of the oppo(ite> ^o o^ 
Angles 78*^8' S «o.«838<y4 

The half Difflfabtrad 2tf 35 

TheDiS: $1 43=tbeAo.K*& 

Whofe Complement 38° 17' U the ParaQadick 
Angle at Ci^lU* 

Cc 4 SecoAdly, 
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Secondly, To find the Side :4c B, the vertical 

Diftacoc. 






As s. of the Angle K * B 5 1%3' 
To s, of the Side KB 48 27 

So s. of the Angle ^ KB 41 57 



0.105154 
9.874120 
9" 



To s. of * B, the Star's Diftance from the^ g 

Thus have I gone thro the mofl; PraAlcal Problems 
in Aftronomy, tho there might be a great many o« 
thers formed \ for the whole Courfe of the heavenly 
Bodies, and all their Motions and Eclipfes are folved 
by Trigonometry : (b I fhal) conclnde this Chapter, 
and reter my Reader for further Satisfadion to BooJu 
treating of Aftronony. 
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CHAP. VIII. 

Arithmetical Dialling 

DEM0NSTRATED5 

OR, 

TRIGONOMETRY 

Applied to 

Practice in Dialling. 



DIALS may be made upon any plain Saper* 
ficies, and all plain Superficies have one or 
other of thefe three Pofitions, viz.. either Parallel^ 
Perpendicular, or Oblique to the Horizon of the 
Place wherein the Plain is feated ^ and all the Hour- 
Lines drawn upon any Plain are great Circles of 
the Sphere, which being projeded upon a plain So- 
perficies, become ftraight Lines. 

Now the Art of Dialling conlifteth chiefly in the 
finding out of thefe Lines, and their true Diftances 
from each other, which do continually vary, accord- 
ing as the Plains upon which they are defcribed, or 
projeded, are llcuated in refpeft of the Horizon of 
tht Place. 
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How t9 find the Diclinsthn $j m FUin* 

Definition. The Declination of a Plain ^ is the 
qoantity of that Arch of the Horizon, which is com* 
prebeoded between the true ^orth OrSoath Points, 
9nd a Line drawn perpendicular to the Plain. 

By your Quadrant draw an Horitontal 4Line up- 
on the Plain, and apply one Side of your Qpadrant 
to the faid Line, fo that the Limb of the Qaadrant 
may be towards the Sun, holding the whole QQadraiiC 
as level as you can \ and at tlie Taoie time hold up 
a Line and Plummet at fail Liberty by the Limb^ 
guiding it fo as that the Shadow of the Thread may 
pafs dircdiy thro the Center : then mind what De- 
gree of the Limb the Thread cuts, being coanted 
irom the Side of the Quadrant that is perpendicular 
to tlie Plain, which Degrees are the Horizontal Di£> 
tancci 

At the fame time (or as near as pofliblc) find tbe 
Altitude of the Sun by your Quadrant, and thereby 
find the Azimuth by Pr^em the lotb of tbe 7th 
Chapter: Of if it be Collinses Quadrant, y On may find 
the Azimuth near enough the Truth by that. 

When you make your Obfervation of the Sun's 
Horizontal Diltance from the Perpendicolar of tbe 
Flain, mark whether the Shadow of the Thread do 
fall between tbe South Point of the HorizoOf aod 
that Side of the Quadrant which is perpendicular to 
the Plain. Then obferve thefe Rules* 

L If the Shadow fall between them, then the Ho* 
rizoDtal Diftance and Azimath added together, 
make the Declination. And in this Cafe, tbeDe* 
ctination of the Plain is towards the fame Coaft 
whereon tbe Sun's Azimuth is. 

ILIf 
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II. If the Shadovir fall not between the Sooth Point 
and that Side of theQnadrant which is perpendicular 
to the Plain i then the DifTerence between the Hori- 
zontal Diftance and the Azimuth is the Declination 
of the Plain. And tf the Aziointh be the greater 
of the two, then the Plain declines to the fame Coaft 
the Son is upon ; if it be the leaft^ then it declines to 
the contrary Coaft. 

Horn to fftd the Reclination of a Pldin. 

D^nition. The Reclination of a Plain, is the 
quantity of an Arch of the Vertical Circle, which 
pafleth through the Zenith, and cutteth the reclin- 
ing Plain at right Angles. 

To find the quantity of Reclination : Firft, by 
the help of a Level draw an Horizontal Line.crofs 
the Plain, and about the middle draw another Line 
at right Angles thereunto ; then let feme Afliftant 
hold a long Ruler upon this laft Line, and over 
the top of the Plain, till you hold a Qpadrant to 
the onder Side of the Rule, letting the Thread and 
Plammet bang at free Liberty, and obferve the De- 
grees cut by the Thread, which is tbe Reclination of 
tht Plain* 

flow to inow which of the Poles j whether the North or 
■ Sovth^ is JO be elevated above avy Dial' Plain. 

The Axis, or Stile of every Dial, lies parallel to 
the Axis of the World; and therefore the, two 
ends of the Stile of erery Dial dxreftly T^fpeft the two 
Poles of the World : And confcqneotly if the South 
Pole be elevated upon any Dial Plain, a Dial made 
on theback'iide of that Plain, will have the J^orch 
Pole elevated* 

Generjd 
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CtrntiU Rules. 

1. Upon the Horizontal Plain^ in North Latltode, 
the Korth Pole is elevated^ bat ia South Latitude 
the South Pole. 

2* UpoQ all ereft Plains, whether direft or dc- 
diaiog, if the Plain lie open to theSonth^ the Sooth 
Pole IS elevated i but if it behold the North, the 
North Pole muft be elevated. 

3. Upon all dired Eafl; or Weft Plains reclining, 
Chow far foever) the North Pole is elevated ^ and 
upon all Baft and Weft Inclioers oppofite to tbeiQ, 
the South Pole. 

4. Over all North reclining Plains, whether dired 
or declining, the North Pole is elevated j and over 
the .inclining Plains oppofite to them, the Sooth 
Pole. 

Laftly, Over all South reclining Plains^ whether 
direft or declining, if the Plain pafs between the 
Zenith and the Pole, the Axis of the Stile muft have 
refped to the South Pole; and on the inclining Plains 
oppofite to them, the North Pole : but, if the Plain 
pafs between the Horizon and the Pole, the North 
Pole^ and on the Incliners oppofite to th^m, the 
South Pole, 






SECT. I. 

To irAVf the Hour Unes ufou d Vertied (emmoHlj 

etJUi Horizontd) Fliin, 

Firft, Draw a right line KS for the Meridian,' 
and Hoar-Line of 12, and crofs it with another 
at right Angles £W, for the Hoar-Line of fix, cat- 
ting each other ia Z } then npon Z as a Center de- 

fcribe 
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icribe the Circle ENWS,reprereDtingthe Horizoa of 
LMiUm : Within this Circle projed the Sphere, as 
has been taught. 

Then IhaU the feveral Hoar-Cirdes touching the 
Plain of the Horixon, give yoa Points to draw the 
HoDf.Lines apoD yoor Dial-Plain by : So that a Ru- 
ler laid to Z, and erery of the points i, 2, 3, 0-e. 
1 1 lOi 9* f^c. where the Hoar-Circles loach the 
Horizon, if yoa draw ftraight Unes thereby, they 
fliali be the trae Hoor-Uaes. 



VD 
V 

nn 






V 
VI 

vn 
m 


W^ 


^// 


'\\\\y~ — ■ 


M a. 


ixrxixix 





For the making of an Horizontial Dial, there is 
nothing reqnired to be known, hot the Latitade 'fit 
the Place, equal to which muft the height of the Stilo 
be; wherefore take ji" 32' out of yoor Scale of 
Chords, and fct it opon the Horizon from StoA, 
and draw a Line 2A for the Stile. The Sub-ftile (or 
Line opon which the Stile ftaDdeth) is the Meridian, 
orHoQr-Line of iz^ cndfo is the Dial finilfaed. 
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There is nothing reqnired to be foood ta tbit 
Disl by Calculation but the Hour^Diftances from the 
Meridian : In the Triangle N P i^right-anried a€ N, 
there is given NP the Latitude of 51^^32^ and tbe 
Angle 19 P 4, the Angle the Hoar-Circle makes at 
the Pole \ to find N n the Holir-Diftance. Where- 
fore the Proportion win be, 

As Rad. tp the s. of the Latitude 51^32' 9.S9374 
So ist. of the AngleNp4 i5*oo'for^ « 

one hour 5 9.4^005 



To L of the Hour Diftance N 4 1 1* 5 1^ 9-32 1 79 

Acain 
As Rad. tos. of the Lat. Si^si* 9.89 J 74 

So t. of the Aug. N P ( 30® 00^ for 3 boars 9-7^144 



To tof the 2d hour 



N*24^i9' 9.55518 



After the fame method yon may calculate a Table 
to etery quarter of an Hour for any Latitude, mak- 
ing the Angles at the Pole 3"" 45^ for the firit quarter, 
7* 30' for the half hoar, 11** 15' for three quarters. 



Hoars from 
Nooa. 


Angles adUour-Dif- 

cbe Pole, tances oo 

the Plain. 


12 
II I 

lO 2 

9 3 

8 4 

7 5 
6 


00* 00'' 
15 00 
30 00 

45 00 
60 00 
75 00 
90 00 


oo» 00' 
11 yi 
24 19 
38 03 

S3 3<S 
71 06 

90 oo 



Aftef 
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After yoo baTC calcolated yoor Table,' upon the 
Center of yoar Dial with 6(f of Chords defcribe 
a Semicircle, as ESW ^ then by the fatne Scale of 
Chords fet olf the Degrees and Minntes in the third* 
Colomo of the Table both ways fromS. Thus take 
11^ 51^ from the Chords, and let from S to n and 
i; tbea take24°i9', and fet from S to 10 aod 2^ 
and fo of the refb : then lay a Roler to the Center 
Z, and to each of thofe Points, and draw the How« 
Lines i and fet 51*" 3^' from StoA, and drawZAl 
for the Stile. 

Thus have yon two ways for performing the £amci 
thing, viz.. byGeometricalProjedion, and by Arith« 
xnetical Calculation, whereby yoa may fee not only 
an agreement of one with the other, but alfo a plain 
Demonftration of one by the other. 



SECT. II. 

H(nP to defiriie Haur^Lims upon an ereSi direSt 

South or North Plain. 

Firfl:, Upon a Circle reprefenting the Horizon of 
London^ proved the Sphere, as in the foregoing SiSion. 
The next thing is to draw a Line upon yonr Pro- 
)e£tion, which (hall reprefent your Plain. 

And here Note, That all npright Plains are re*' 
prefented upon the Projedion by ftraight Lines. 

Mow, an ereft direft Plain, which beholdeth the 
South, muft needs lie in the Azimnth Circle of £a(t. 
and Weft ; therefore a right Line drawn from E to 
W, Ihall reprefent your Plain. 

And the Point M is the Pole thereof, being gd" 
diftant from it. 

If 
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If you lay a Rgler to N, and to the fereral Poiots, 
». »> 3, *t. ■ I. lo, 9, 0-C' where the Honr-Lian 
of the ProjedioD cat the Plain, and where the Rd. 
let rati the Frimitirc Circle, make fmall Marks, at 
«**. Then Lines drawn firom the Center Ztliro 
ttaofe Marks, flull be the tne Hoor-Linei. 




The heieht of the Pot above an ereft direft North 
Ot Sonth Plain, is always equal to the Complement of 
the Uutndt : therefore if yon take 38° 28' from the 
Scale of Chords, and fet fromS to B, and draw the 
LmeZB, it ttall be the Stile, which maft ftandnpon 
the Meridian ; and in the Sonth Plain mnft point 
downwards to the Sooth Pole, hot in the North Plaio 
it mnft point npwards to the North Pole. 
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By Trigonometrical CdlcuUtion* 

There is nothiog hot the Honr-Diftaoces (as in 
the Horizontal) to be calculated. Thus in the right- 
angled Triangle Z P x 3 there is giren ZP bS"" 28', and 
the Angle ZPi i%\ the Angle at the Pole) to find 
Z13 thos. 



AsRad. to s. of ZP i^^'ix^ the height? 

of the Pole or Stile above the Plain 3 
So t. of ZPi is"" oo^, the Angle at the? 

Pole S 



9-79383 
9.4280J 



To t. of Zi 9"" 28', the firft boar Diit. 9.2:2188 

The drawing of this Dial is the fame as the Hori« 
Zontal. For firft, with ed" of Chords you ftrike 
the Semicircle £S W ; then from S fet off the Degrees 
and Minutes in the third Column of the Table both 
ways i then lay a Ruler to Z the Center, and to 
each of thofe Pricks, and draw Lines, which (haU be 
the true Hour- Lines. Then from the Line of Chords 
take 38'' 28', the height of the Stile above the Plain, 
and fet from S to B, and draw ZB for the Stile. 



Hours from 
Noon. 


Angles at 
the Pole. 


|Uour*Dif^ 

tances on 

^the Plain. 


12 

KI I 

10 a 
9 3 
8 4 


00" 00' 
25 00 
30 00 
45 00 
60 00 
75 00 
90 00 


00° 00' 
9 28 

19 45 

3« 53 
47 08 
66 42 
90 oO 



Dd 



Th« 
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The making of the North Dial is ia all rerpe^ 
the fame as the makiag of the Sooth^ apd the Stile 
has the fame ElevatioQ above the fUia : all the Dif- 
ference is, that whereas that points dowowards to 
the SoBth Pole, this muft point upwards ton ards the 
South Pole. The Hours next the Meridiao are o- 
iDitted, becaofc theSno can never come apon the Dial 
at tbofe Hoars. 




S E c T. ni, 

To defcrihe Hour-Lines ufon Ma ereSi dirfS Edfi 
or Wefi P/«>. 

An Eaft or Weft ereft Plain lies io the Aximflth 
Circle of North and South, and fo pafies diredly 
thro the Poles of the World, neither of the Poles 

baring 
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hariog any Bleration above tbole Plains } and there- 
fore the Hoar*Liaes will be all parallel one to aoo* 
tber. 

7i drdip m Eafi Didl far the Latitude Ji*" ix\ 

1. Near the bottoffl of the Plain draw an Horf- 
2ontal Line DC ; then open C, as a Center^ with 6(f 
of Chords defcribe the Arch EF^ and fet the Chord of 
3^8"" xS\ the Complement of the Uticade from E to 
F i and draw the Line CF quite thro the Plain t 
which Line wiQ be elevated exadly to the Eqoinoc-^ 
tial Circle in the HeaVens, and therefore it is called 
the Eqninodial Line, 

2. That yoa may the better proportion your Stik 
to yonr Plain, and that all the Hoars may come og^ 
aflame two Points in the Eqoinodial Line, one to- 
wards the end C^ for the Hoar of 1 1 , and the ether 
towards the other end thereof for the Hoar 6, as 
the Point H ; and thro thefe two Points G and H, 
draw two Lines at ri^ht Angles to the Bqainodial 
Line^ for the Hoar-Lines of 1 1 and 6. 

3* Upon the t^oint G with 60"" of Chords defcribe 
the Arch IK below the £qaino£dal Line^ fetting 
thereon the Chord of 1 5 deg. from I to K ; and 
draw the obfcare Line GK, extending ic till it cat 
the Hoar-Line of 6 in the Point L : 10 Ihall LH be 
the height of the perpendicalar Stile proportioned 
to this Plain. 

4. Open yonr Compafles to ^o^ of Chords, and 
tapon L as a Center defcribe the obfcure Arch of a 
Circle MN) between the Hoar-Line of 6 and the 
Line GLj and with the Chord of 15 deg. divide it 
into 5 eqaal parts, in the Points 0, &c. and 
lay a Raier from L to each of thefe Points, and the 
Rnler ftatt cot the fiqainoftial Lioeia the Points 
«# « # ^ • thro which Points draw Lines parallel to 
the Hoar-Line of 6| and they ihall be the true Hour- 
* * Dd 2 Lines 
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Liaes from to 1 1 ; and for tbe Honrs before SiX| 
they win be tbe fame Diftance as chofe after tf, there- 
fore take tbe iMftaoM in the £qaino8ial Line from t 
to 7, and fct it opon the Eqainodial from f to 5 } 
and tikewife firom 6 to 8, will reach fi-om tf to 4 • and 
lines drawn thro thofe Points, and parallel to tlie 
Hoar-Line of 6, fliall be the Honr-Unes of 4 and 

5 in the Morning. 

The Stile of this Dial may be a Plate of Iroo or 
Brafs, \a& fo broad as between the Hoar-Lines of 

6 and 9't and it molt lUnd perpendicular open tbe 
Hoar*Line of 6. But if it be a large Dial, the Sdle 
may be aroaad Rod of Iron with two Supporters 
towards each end ; and malt ftand in the Hoar-Line 
of 6, and Dinft be ezadly fobigh as tbebreaddiis 
beineen tbe Lines of tf and 9. 



K' 



The 
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The makiog of a Weft Dial is in all refp^eds the 
fame as this, only the Line CH called the £quiDodial« 
Line, is drawn from the left*band Corner, and fo all 
the Hoar-Lines the other way) and they moftbe 
numbered the other way too^ the Hoar of 1 1 wiU 
be I, and !io will be 2, &c. Or^ when yoo have 
drawn an Eaft Dial upon Paper, if yoa draw the 
Lines as they appear thro on the back-fide, yoa'U 
have a Weft-Dial. 

When I make any of thefe Dials, my way is to 
leave ont the Hoar of 1 1 or i, and then I have more 
room for the reft of the Honr-Lioes i for that one 
Hoor*fpace takes op almoft half the Dial-Plain : fo that 
when it is left oot, there is rbom for the other Hoor* 
fpaces to be divided into halves and quarters ^ bat 
when yoa pat that Hoar on, there is no room for 
that, nor fcarce to fet the Figores, bat they moft 
be made veryfmall. 

This Weft Dial I made by help of the Sedor, thos : 
I open my Sedor to the Radius of the Stile's heightf 
then take off the Tangent of 15^, and fet from O to 
s and ^, and take the Tangent of 30% and let from 
O to c and d i and the Tangent of 45^ wiO reach 
from O to ^ } and the Tangent of 60^ wiU reach from 
Oto/: then draw Lines thro thefe Points at right- 
angles to the Equinodial Line, and they Ihall be the 
true Hoar^Lines. 

After the fame manner yoa may fet off the halves 
and quarters, 3^ 45^ for a quarter, 7^ 30^ the half- 
hour, 1 1^ 15^ for three quarters ; and by the continual 
addition of 3* 45^ yoo will have the D^rees and Mi- 
nutes for every quarter. 
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SECT. IV. 

How to drAtp Hour 'Lines ufo9 m ereS North qr 
^oafb PUh^ declining Edfi w Wefi, 

By frojttlion. 

Oar Example (hall be of an apright Plain, dcclinioB^ 
from Soatb^ Weft ward 30 degrees. 

Firft, Dravr a Right-Line A^, reprefenting yonr 
decliniog Plain, crofllng it with another Right-Line 
CD. 9t right-aneles in Z, making Z for the 2^nith 
pf the Place, and Center of your Dial : npon Z de- 
<cribe the <:ircle ABCD; then from C towards Q 
(tiecavfe tbf f\im 4^^^^^$$ Wel^w^rd, l^ut from C 

?ow«rd5 
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towards A if it had declined Eaftward) fet jodeg, 
the Declination, from C to N, and draw the Line 
HIS for the Meridian of the Place j upon which, from 
Z to P, fet off" the Pole of the World, and finiOi your 
Projeftioo, as is before taught. 

Secondly, Your Projedion being finifhed, and AB 
being the Line reprefenting the Plain, the Points C 
and D will be the Poles thereof, being 90"" diftant 
therefrom ; then thro the three Points C, P, and D, 
defcribe tte Meridian CPRD palling thro the Pole of 
the World, and the Poles of the Plain, wbofe Cen* 
ter will be in the Line of the Plain extended : Then 
find the Pole of this Circle thus. Lay a Ruler upon 
D and R, and it will cut the primitive Circle in 4 ; 
then from a fet 90"" to <, then a Ruler laid from D 
to e will cut the Plain in Q, fo is Q.the Pole of the 
Meridian CPD. 

There are three Requifites to be found, before we 
can draw the Hour-Lines *, which three things are 
all comprifed in the little fpherical Triangle PZR. 
The three things to be found are, 

1. The height of the Pole above the Plain PR. 

2. TheDefledion, or Sub-ftile's Diftance from the 
Meridian ZP. 

3. The Plain's difierence of Longitude ; or, the 
Angle between the Meridian of the Place NZS and 
the Meridian of the Plain CRD, that is, the Angle 
ZPR. 

AH thefe Requifites may be found by the 7tb and 

8lh Problems of Cbafi. lo, fart i. 

And for drawing the Hour- Lines, lay a Ruler to 
C, and to the feveral Points 8, 9, 10, ii. and i, 2, 3, 
^c. where the Hour»Circles crofs the Line of the 
Plain AB *, and where the Ruler cuts the primitive 
Circle, make fmall marks ^^^, c^c. and Lines drawn 

Dd 4 from 
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from tbe Ceoter Z, and tbro cbefc marks, flull be 
the trae Hoor-Unes. 



^ 




A Raler laid ^om C to R, will gWe the Point L,' 
whereby to draw the Sab-litile {^L* Andji'^tf' fct 
fi-om Lto F, will give the Point where to draw thf 
S^ile ZF, aad your Dial U Enilbed. 

The three fbre-mcntioned Reqoigtes, mc the 
freight of tbp Stile, the Diftaoce of the Sob-Itile 
(torn tbe Meridian, aod the Plain's difiercace of 
Longitade, are all to be foaod in the Triangle ZPR ; 
n which there is given the Side PZ 38° 28', tb« 
Complement of th<i Latitnde, ' and th^ Angle FZI( 
j^o" 00', the Complement of the declination, to find 

1; Tbe Stile's height ^bore tbe ^lain, FR. ' 



s\ 
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As Rad. to s, of ZP 38" 18' ^793 83 

60 s.of PZR 60" 00' the Gomp. of Dedin. 9-93753 



IPMIV 



To 8. RP 3*' 3<' the height of the Stile 9.73 » 3^ 

2. The Diftance of the Sab-ftile from the Meri- 
no, ZR. 

As Rad. toes. PZR 6o' 00' theComplo «k„o„ 

ofDecUnation . 5 ^'^^^^^ 

So t. ZP 38° 28' Compl. of Latitude 9.90008 

Tot.of ZR 21"* 40', the Sob-ftilc'$dift.> „ ^„^^ 
from the Meridian J 9.$9?o$ 

3. The Plain's DiSereQce of Longitude ^PR. 

As s. of sS"" 28^ ZP, the Compl. of the Lat. 9.793 S3 
To Radios lo. 

Sos.ZRii"4oVhcdifttOftheSQb.ftile? ^ .^ ,, 
from the Meridian 5 9-5^7^7 



To s. 2PR 56^ 2S\ the DifF. of Long. 9-77344 

From the Plaints Difierence of Longitude thus 
found, allowing 15 deg. of the Equioodial to an 
Hour, and one deg. for four min. of Time, you may 
perceive that the Suh-ftile will fall between the Hour$ 
of 1 and 3, for the Dti&rence of Longitude being 
more than 30% andiefs than 45^*, wherefore from 
the Difference of Longitode 36° i$\ fubtrad 30% 
and there remains 6^ 25^ the Diftance of the Soh-ftile 
from 2 a-Clock : and fobtrading 3^ %%\ the Plain's 
Difference of Longitude, from 45^ 00^, there re«- 
inaips 8^ 25^, the ^oino^ial Diftance of the 3 a« 
P)oc)( from the Sob-ftile : then by adding 1 5 deg. to 
fach of the Eemaindecs^ you have the next Eqoi- 
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nodial Diftaoces of the Hours i and 4 ; and fo by a 
continaal addition of 1 5 deg» yoo get all the Eqai- 
Bodial Diftances or An^ at tbe Pole, as yoa €ea 
in tbe fecond Colnmn of the Table. Then to find 
the Honr-Diftances from tbe Sob*ftile, ia tbe Tri^ 
angle R P 2, there is given RP ii"" 36\ tbe height of 
the Pole or Stile ibove the Plain j and tbe Angle at 
the Pole 2 PR 60'' 25^ ; to find the Diftance of the 
Hoar- Line from tbe Snb-ftile z R. 

As Rad. to s. of tbe height of the Stite > ^ ^ 

above the Plain RP 32^36' S ^^3140 

So t.of 2 PR6° 25' the Angle at the Pole p.05101 

To t. of 2 R 3^ 28',the dift. of 2 a-Clock 7 q^q , 
from the Sub-ftUe, S ^•7"4i 

Then iti the Triangle i PR^ having PR 32"* i6\ 
and t4ie Angle i PR 21'' 25'. the Angle at the Pole, 
yon may find i Ri 1*^56^ by the fame Proportion : 
and fo yoa may fiad ntl the Hoar-piftances from the 
Sub-ftile, as yon fee in the third Colomfl of the Ta- 
ble. 

If yoa lay the Chords of tbe Nambers ia the 
third Column from the Sab*ftile, yoa will find them 
to fallin the Points of tbe Haar*Diftaiices^^% 

And the Chord of 11 "" 40' bdng fet frdtn .D to I^ 
;ivcs tbe Point to draw tbe Snb^ftik by, and the Line 
X is the Sub*(tile. 

And the Chord of 32^ 40' (the Stllc^ height) fet 
from L to F, gives tbe Point to drs(w tbe ScUebyi 
§Qd the Line ZF fiiiU he the Stile, 
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flow to drspf Houf^U/ies upon a South or North 
PUiMy which deelims nwiy Degrees towards the 
Eaft or Wtfir 

If a Plaia dediaes many Degrees from the Korth 
or Sooth towards either £aft or Weft ; altho the 
lleqaiiites may be fonad, and the Dial made in all 
relpeds as the former Dial in the laft St^im ; yet 
by reafon that the Pole of the World will have 
bot fimill Eleratton above foch a Plain, the Hoar- 
(.ioei vrill ^1) fo dofe together, that there wiQ be 

no 
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no competent Diftance between them, witboat ex- 
tending them ont to a great length, as the Antients 
aftd to do ) who ufed to draw foch a Dial npon the 
Floor of a Room, and then extend oat the Hoorw 
Lines, Stile, and Sab*ftUe, till they fprcad themfidTes 
to a competent Diftance \ and then cat the Dial ofi^ 
Stile and all, and transfer it to the Plain, Bat this 
is no artificial way, and therefore I will ihew how to 
draw foch a Dial Geometrically, haring no regard 
to the Center of the DiaL 

Yon mufl; firft find the Reqaifites Trigonometric 
cally, as was (hewed in the laft StBun^ ivL. The 
height of the Stile above the Plain \ the Diftance 
of the Sab-ftile from the Meridian \ and the Dife- 
rence of Longitude. 

Sappofe an oprigbt Plain ip the Latitade 59^1$' 
declines from the iSkor th, Weft v|f 9^4 8 1 \ 45^ 

1. For the Stile's height 

As Rad. to cs. of the Latitude 53^ 15^ 9*77^94 
So cs. of the Plain's Declinat. 8 1 45 9. 1 5683 

To s. of the Stile's height 4 %6 8.93377 

2. For the Sob-ftile's Difliance from the Meri- 
dian. 

As Rad. to s. of Declinat. 8|^ 45^ 9*99548 

So ct. of the Latitude 531]^ 9*87317 



■^»m 



To t. of 3tf** 28' the Defleaion 9,%6%6% 

3. For the Plaia*s Di^rcQceof Loogitode. 

As s. of the Latitude 53* 1 5' 9.90377 

To Radius 10. 

Sot. of Declination 81 45 10.838^5 



To t. of the DiflT. of Long. 83" %x' 10.93488 

The 
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The next thing we flioald do is to calculate the 
Hoar-Diftances : hot becaofe the Stile has fo little £le« 
Yation, the Hoars near the Sab*ftile will be very 
near together } wherefore we (hall (hew a Geonaetri« 
cal way to draw this Dial, and that withoat having 
any regard to the Center of the Dial, as followeth. 

1. Draw a Right-line AB perpendicolar to one 
Side of yonr Plain, which mult be towards the 
Right, if the Plain's Declination be Sooth-Eafterly, 
or North- Wefterly ^ but the contrary DeclinatioQ 
towards Left-hand : then with 60 deg. of Chords 
upon A as a Center (which malt be towards the top^ 
it the Declination be from the Soath, bat towards 
the bottom when it declines from the North) de« 
fcribe the Arch CE \ and apon it fet CD 36'' 28' (the 
Diltance of the Sub-ftile from the Meridian) and fee 
the height of the Stile 4"" 56^ from D to £, and 
draw the Lines AD for the Sub-ftile, and AE the 
Stile. 

2. Then (beCaafe the Stile has bat fmaO Eleva- 
tion) draw another Line GH, parallel to the Line 
of the Stile A£, at fach convenient diftanceas yoii 
think fit \ which IhaQ be the augmented Stile. 

3. AlTame any two Points in the fub-ftilar Line 
AD9 at fome convenient Diltance from each other, 
as R and S ; and thro thofe two Points draw two 
Right'Lines, both of them at Right-angles to the 
fob-ftilar Lifie AD^ ^f the Lines ZZ and XX. 

4. Prom the Point^ Ry with yoor Compafles take 
the neareit Diltance to the new augmented Stile GH, 
and fet that Pittance dpon theSub-ftile from R to K, 
Alfo from the Point S take the nearefl: Diltance to 
the new augmented Stile GH^ and fet that Diftance 
alfo upon the Sub*ftile from S to L. 

5. Upon thefe two Points K and L with 60 deg. of 
Chords deftribe two Semicircles^ and in each of 
them fet off 83"" 22', the Plain's Difference of Lon* 

gitude i 
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utade; as from R to M, and alfo fromSto M; 
{oth of them on tbefame Side of the fab-liiUr Lino, 
oil which ibc £rft perpeiidicaUr Line AB wai dnwii. 




•^^0^^ 
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6, T3mie each of thofe Semicircles into ii eqaal 
Parts, beginaingat the Point M, with i5deg. of 
the Uae of Chords, as the Points ® ® &, cfr. 

7. Lay a Roler to the Point L, and the refpcc? 
tive Points ® ® 0, &t. in that Semicircle, and the 
Raler will cut the Line XX in the Points *•*, &e. 
Alfb lay a Rnkr lo K, and the feveral Points ® & 



Chap. t. Of "DkVing. 4 1 5 

0^ e^c. 9iid the Ruler viUl cat the Line ZZ in the 
ftveral Points ** *» c^r. 

Laftly, Lines drawn from the firft Point ^ ia the 
Line ZZ^ to the firft Point * in the other Line XX^, 
("which tbe Sob-ftile will direft ;on how to do^ tbofe 
XtncsTo drawnTSairbe the true Hoar* Lines proper 
forthf Pi atB, ^ be at a "competent Dlftance grie 
fromanother^ withoitt having aoyreUtidaat aO tp 
tjie (Jentcr. r / ■' ' 

. Now In niakingof this Dial, yxin have madeifomr* 

pi^ls, viz.. '/' ' ' 



\ 




South declining Weft 

>^ath dec lin ing'' Baft C 8 1 ^ a<' 



/ 



/ 



i)orth decUoiogWeft, 
I^rth d^liAiog Baft, 

only by changing the lAvesof the Honrs^ and plac-* 
iqg tbe iStile on she contrary Side of the Line AB, 
f(^r the K9rth .(jeolyitng ^S^> and^^y tarni^g of 
thelAal upfide^downw^rdSy ^rtbe twoSonthde* 
diners ; /o>th^ tb* $tilfi may point downwaiids to 
the So»th P&tet / 






•; ./•.' /.../'.SB CX^.-YL-' - -' 

Mm i^if^m the IIum r ^Li ne s u f on 'AiireEt Eafi^ 

or Wefi reclining Plain. 

!• ByTrojcBien. 

&ippofe anEaft Plain recline from the Zenith 38 
deg. in the Latitude ^i^ i^'. As in all apright 
Plains whether direS, or declining, the Meridian 
of the Place and Hoar*Lineof 12, is always perpen* 
dicolar to tbe Horizon 9 fa in aU dired Eaft and 

. Weft 
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Weft reclioiiig, or incliniag Plains, the Meridian 
of the Place, aad Honr-Line of iz^ is paraUei to 
the Horizon. 

T0 m^Ai the Dial. 

Firft, Draw a Right-line MZS reprelentiog the 
Bafe of yoor reclining Plain, and Honr-Line of n. 
Upon Z defcribe a Circle, aod draw the Diameter 
WEy to cot the Line NS at Right-angles in Z. Up- 
on Z defcribe a Circle ; and upon the Meridiao-Lue 
24S, fet off Che Pole of the World from Z to P, an- 
fwerable to the Complement of the Latitude of the 
Place, and finilh yonr Projedion as yoa have been 
taught. 

Secondly, Becaofe the Plain reclines 38* 00^, take 
38deg. oat of half Tangents, and fet from ZtoO} 
and now have yon three Points M, O, and S, where- 
by to draw your reclining Plain, the Secant Comple- 
ment ot 38"" is the Center ^ the Circle NOS being 
drawn, you may find the Pole by letting the half Tan- 
gent of the Complement of 38* 00^ from Z to (X fo 
is O the Pole of the Plain *, then thro P the Pole of 
the world, and Q. the Pole of the Plain, draw an 
Arch of a great Circle, which wiQ cut the reclining 
Plain at right- Angles in R. Now part of an Arch 
of the Circle RP, part of the Meridian KP> and 
part of the reclining Plain MR^ do conltitate a fphe- 
rical Triangle NRP, right-angkd at R. And out 
of this Triangle may all the Reqnilites belonging to 
this Plain be found, vix^ 

1. The height of the Pole above the Plain PR, 

2. The Diftanceof the Snb*ftile from the Meridian 

KR. 

3. The Plain's Diffinrence of Longitude, the Angle 

NPR. 

Firftf Yon mnfl: find the Pole of the Meridian of 
the PIain9 which will always be where the Circle of the 

Plain 
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PlatttCQts the Equinoaial Circle, as tC doth ia A } and 
theo^ 
Yoa may find aD thefe Reqaifites by the 7tb and 

8tb PrMnns of ChOf. to. Part t. 

The Hoor-Ltnes in this are drawn after the rame 
manner as in the former Dtals^ for lay a Ruler 
from QthePole of the Plain, and the feveral Points 
where the Hoar^Circles cat the Plain, and make 
marks npon the primitive Circle } then lay yoor Ru- 
ler to Z and the federal marks^ and draw the Hour- 
Lilies* 

!• By Tri£0nametrical C4lcMldii9fi0 

» 

Firft, Hnd the Reqaifites from the Triangle NRP. 
I* For the height of the Pole above the Plain PR. 

AsRad.to s.oftheLatttade 51 "31' 9.89374 
So s. of the Plaia** Reclio. PNR 38 00 978934 

To 8. of RP 28° 49', the height of the Stile, 9.68308 

2. For the Sub-ftile's Diftaoce from the Meridiaa 
XIR. 

As Rad. to t. of NP 5 1** 3 2' the Lat. 1 0^99 1 3 
Soiscs.of ReciiaaiioaPMa38'>oo' 9.896)32 

m ^ 

To the t. of MR 44'' ^6' the Defledion 9.99^44$ 
3- To find the Plain's DifTerence of Longitude 



As s. of the Latitude NP 5 1* 38' 9.89374 

To Radius 10. 

So s. of the Defledion NR 44 46 984771. 



I ■ I ■ 'I 



To s. of the Aag. KPR 64* 05' DIE Long. 9 95397 

£c The 
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The Qott tUQg is to find the Hoar-Diftaaoet, 
thas : The Diflcrence of Longitode being 64"" 05^, it 
is four Hoars (aQowiflg 1 5 deg. to an boor) aad 
4^ %' remains J wherefore the Sub-ftlle moil ftand be« 
tween the Hoor-Unes of 4 and y between whicii 
Hoors write Sab*ftile ; and becaole the renaindir is 
4"" 5\ when fonr Hoars are fobtraftedt write 4* ^ 
above Sob-ftile in the fecond Colamn, aninft 4 ana 
8 i and if 4'' 5^ be fabtra&ed from 1 5 deg. the re- 
mainder will be io''$5't which write ^nder Sab«ftile 
againft 5 and 7 : then by a contihoal addition of 15 
deg. to each of theft Nnmbers you will have the Bc^oi- 
nodial DiftanceSf or Angles at the Pole belonging 
to each Hoor, as in the fecond Golamn of the Twlc. 
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Tbea toCiul tbcHour-Diltincn: The Arch PR 
vith the Hour-Circjes, and Hour-Diftaaces upon the 
Arch of the Ptaia, make federal rigbt-andcd Tri- 
ao^Si ^hercia there is gWea PR 28° 49', the height 
of the Pole alwve the Plain, aod the Angle at the 
Pole, uia the Tiiangle 8 K P. the Angle at the Pole 
u 4° o;' } tio find the Hou-PiAance 8 R, faf , 

As Rad. to I. PR l«'49f SIS830 jy 

So t. 8 P K 4* oj', the Angle >t the Pole 8.853«28 

Tot. 8R I 58 the Root-Dilt. froiii> , ,,,,„ 

After the lame auooer yea may find all the reft 
of the Hoar<DUtaaca,asiii tbetUidColama of the 
Tiblft 
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The drawing of this Dkl By the Kambers ia the 

Table *is the fame as in the former Dials*, for yoa 

mttft fet ofTtbe Diftance of the Sab-ftUe 44'^46'firom 

. M to F, and the height of the Stile i9? 49^ from F 

to L i and draw ZF for the Sob-ftile, and ZL the Stile. 

Then fet the Hour-diftaoces from F the Sab-ftilc 
to the fcvcral Marks** *^ &c. and lay a Riiler from 
-Z the Center to each of thofc Potots, ud draw the 
Hqar-LtneS. 

If thoie Hoar-Lines, Stile and Sob-ftile bedrawo 
thro the Center, (as yoa fee (he prick'd HotMr«Ltncs 
are) yon'd have a Weft Incliner ; and if Lines be 
drawn upon the back-fide of the Paper anfwerable 
to thofe on the fore-fide, you'U have a Weft RecCncr 
and an Eaft IncUner. 
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SECT. VIL 



Haw to drdw HourLiff^s ufon direB South recUm^ 

iffg Pldiasm 

The firft Variety, reclining equal to the Pole* 

Of thcfe Plains, there are three Varieties : For^* 
firft, the South Plain may fo recline, that it may 
fall juftinto the Pole, and that is wben^he Redl- 
nation of the Plain is eqaal to the Complement of 
the Latitude of the Place. Over fuch a Plain the 
Pole hath no Elevation, and therefore the Dial has 
no Center, and all the Hour- Lines maft be parallel i 
and the making of this is the fame as the Eaft or 
Weft ereft Dials were ^ only, the Stile in thole 
Dials ftands upon the Hoar tf, in this it moft ftand 
in the Hoar-Line of i2. And the £qaiaodial*Liiie 
in this is an Horizontal*Line. 

The 
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Of DUIiin^. 
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The fieonti V4rietj, South recliaii^ left thsn the 
Pole, 

HaTing drawD a Circle, aDdcroOfed it nitti two 
DUmeter-s ^N for the Meridian, and WE for the 
prime Vertical Circle, aadHoarof (ix* wichio this 
Circle projcd the Sphere, aad fioilb the Dial as before 
taaght. 

Soppofe ia the Latitude S'/jo', a Plain reclines 
from the Zeaith 2$ deg. 

!• By PrtiiUhn. 

Set the half Taageot of 15 d^ theRcclloatioa 

from Z to R, and draw the reclioiugPlalD thro W* 

Kt and E, and find Q.the Pole thereof : TheTlaia 

?oamay feeiD the ProjeftionpalTes between P the 
Qle, aadZtheZfiolth, therefore the South Pole is 
Ee 3 tie- 



( 



41* ' -OfirtaSuii. Piftljr. 

f levjited above tbe P]aio ; and to find how ouicb^ iblU 
traa ZR 25''the Re<;liiiati(i& from ZP the'GompM* 
jnenlc of the Latitude ^^^2^^, afDd>- there remaios PR 
t a'^ltS^ the hcightx^f the^nth P^leiriioTe tbe PIaiil<r 
Dt^ the Hoor'^Lidf s ^6it( tUe 9ro|t&)bD, as in fe<v 
incr Dials was4dne.. ► ^ ' ^ \ 

! I • .-' \ > 1 / / 



-V / \ 



'THere~i»^ft6tIuDg>(qirde« tUejBbar;;BfSincesW' 
tw ^onad, which are foaad^ by thfiJCOinmoA Propor^ 
uon uled in former Dials, tims, - - 



I As Rad. to the ». of PR %i*i%\ the> ^..-. ■. 
I Stile's height J ^•^'■^ 

So is t. of 1 5% the Aoj^ at Chi Pole 9^805 



To ti df the Honr-DtftaBce j* j^' 



* '•*»*•!« \ 






And by repeatkig the Work yop^ar find tbe i^ 
of the Hoor-Diftaoccs, as in the tfird CoIomA of Ob 
Tabic- • - . 
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If the RecUnation be fach thjtt the Pole b#i 
finall eleTaiioQ abore the Plain, it ^ill be tbt bd 
jray to draw the Dial without a Center, as is fbe«ire( 
|a lihe 5th St3k» ; or thus, draw the Uae AB A>r th^ 
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Hoar-line of 1 2 j then apoo A^mth 60 deg« of Chords, 
defcribe the Arch CD, and from C fee 3"" ii\ the 
height of the Pole above the Plain, and draw AS, and 
parallel to it draw EF the aogmented Stile ) theo 
draw the Lines XX and ZZ at right Angles to AB } 
then Cake the nearelt Diftaoce from G to the aug- 
mented Stile, and open the Scdor to that Radios^ 
and take oot the Tangents of 1 5^ 30% 45^6o% and 
75^y and fet them both ways from the point G npoa 
the Line XX i then take the ncareft Diftance from 
the point H to the augmented Stile ; and open the 
Sedor to that Radius, and take oat the fame Taa- 

fents, and fee both ways from the point H upon the 
.ineZZ} then draw Lines from each point in one 
r Une Jhro its correfpondent point in the other Lincy 
i and thole Lines Jball lie f|e ttae'lfoiin^nes; ; 

iike third Fdrhtj. South reelikii^id^ th^ttl^ 

I \ • • ' PoU.^ / •• / i •. 

7 ! Haying drawn the Pro|e£doo^andln thatthaCSr* 
cle £RW reprefeatioa the a reclining Plaim w^h 
yj>a majrperceiyik fa\ls between tli!& Hoiiz6n an^ tlie 
Pple \ therefore to fuid bpw mocb the Pole is ciev|i« 
ted above ihe Pltff n, yoQ n^aft fiibtr|dv^P, the ^^m* 

fkmentipf the LatitQ4e %V 28^ fromiZ^Todcg."*- 
declination of the Plain, ^nd the T^ainder w' 
( 3^3^^ tnjEielefatioaofihePoIeaboveihePlaiii. 



The drawing of' this. b^iag^ the very liiine ^ 4^ 
fi^rmer, I fli»U iky ao ibor^ Hf^tai it : Onlf ftt 
dWa the Table^ aod tbcFigoie, Wucb wiO be IbM, 

deat to the iogeaioo^* _. t . i ' ' f : 
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SECT, vnt 

$Umng Pldihs. 

Of theTe kind of Plaiof tbete ire three Varieties, 
as there were of S*oth RecUners: For^O.) The 
Redioatioo Aay be fadi that the Plaid ouly )aft lie 
in the Eoalnodtal Cirde. Or (i.; It may recline 
fi>, that tbe Piatn liay fall between the 2enitb and 
the Eooinoftial Cirde. Or (3^ Th^ Plain may re* 
dine fo^ as to fall between tbe Equinoaial and tbe 
Horizoji. 



Tbi fffi Vm%t) \ Nartb reelimpig equd to tbe 

EfuinoSHd^ 

Soppofe a Korth Plain, redining from the Zenith 
^i^ 32\ in the Latitude 51'' 32^ 

The drawing of this Dial is very eafy; for yoa 
need bat defcribe a Cirde, and divide it into 24 equal 
parts, and lay a Ruler to the Center Z, and each of 
thofe parts, and draw Lines which ihall be tbe tme 
Hour-Lines. 

The Stile muft be a Wire fet perpendicular in tbe 
Center Z. 






nm 



Ghapkt. Of TtiJtiug. 



4»t 

















I:/- 


"-^ 


vv 


an 

V 






■* 








r~ 


m 


/ 7 


r 


K\\ 




n 


i jdr xt X r 





fit fitful Vtriifj % Ntrth ritSmiig kf$ thf» tit 

, i. fy frntOwfr 
Let there be > Ndrtb pLuK re^liiiiiig 6<m the 
^nich >5 deg. HiTlIg p»)e9eit lilt Spkere, and 
dercribed the Cirde BRW reprefentiag the recUii> 
ipg Plain, which yon may fie paHes Dctweea tlw 
Zenith and the EqiinoSial ; then the height of 
the Pole above the PUin ii the Sam of FZ 38° 18', 
tbtCompkment of the Latitnd^i and ZR 2; deg, 
^lUtUaftUw^ which U «3° 18^ cqnfl to I^. 



4** 






fare 17, 



, Thtn U qothins to cakobte bat the Hoor.Dtftaa- 
ofi liron tbe Meri^, which are foand by the jaeiie- 
(II Proportion, thus. . *^ 

, As iUd. to $, of PR tf j« ay, the StikV? . , ^^ 
i height J p.P5»tftfS 

So t of I ; dcg. the 4og|e tt tbe Pole 9428052 

Tdt.ofi|ra/thefirftHqordift. 9.379717 

The like maft be done for all the reft, aodfoihall 
voo prodnoe fiich Mambers u are ia tjie third Co. 
lana of the Table. 

The Stile moft Itaad opoa the Meridian Line NZ. 
naking an Angle of 63^ 28' therewith. 



Stile% 



Angles aqUoar-lMi' 
ChePoleM tanceson 
the Plain. 
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<^hftp.8. t)/©i4l%. 
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Tb* third Vmety ; North reelimffg more tb*m the 

Sappofc s Kortb Plata ia the LatiCnde 51* 32', 
Aonld recline from the Zeoith 7odeg. 

Having projeded the Sphere, and thereio drawa 
the Circle reprefcotiag the recliaiog Plain ERW, 
whofe Pole is Q.i yoa may perceive in the Projec- 
tion that the Plain pa0es between S. the Eqninoftial, 
and S the Sooth part of the Horizon j and to find 
the height of the Pole abore the Plain, we moft add 
ZP j8° 28', the Complement of the Latitude, and 
ZRtbe ReclinatioQ 70 deg. together, wbofe Sam is 
I oS** 28', But the height of the Pole above the Plain 
can never exceed 90 deg. wherefore the Complement 
of loS* 28'to i8o*'is7i°32', the Croe height of the 
Pole, or Stile above the Plain. Tbe reft of the 
Work is tbe lame as in tbe laft. 

The 
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SB CT. IX. 

Ham ta drm the JHhuf-LifKs mfom South iteliii* 

itfg reclfitifig Pldhs. 

Of Sooth direft reclialog PUias, there were three 
Varieties, jTo ate there as inany of Sooth R^diqcrf 
which decline al(b } for to aoy Declioatioii, the Phiit 
may recline fo, that it miy pafs thro the Pole of the 
World. Or Secondly, It may recline foj that the 
Plaitf IbaU fall abdvi the Pole, and fo faB between 
the Zenith and the Pole. Alfo, Thirdly, It may fb 
recline, that the Plain ihall pafs between the Pole and 
the Horizon. Of all which Varieties i fluU give a 
particular Exampler 



1- 
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Ihepfi VmePi ; Of Smh decUmm retlimnr 
^lahs. frht VlmnpS^Hg thro the Pole. T 

1 ] ■■ .^- « /- - . . ■; ! ; 
iv/l v:- - ,1-. My puf^tmeK: ,':... 

^n Example ihall be ofja S^th Pl^ia^U^ac 
a5„de^. Bnftwatd, nnd, reclining from the Zcami 

Firft, Draw a right Li^ .AB, teprefentiag' the 
Balis of your reclining Plain, and crofs it with ano- 
ther Line CD, at r^ht Ao^ in the point Z. 

Sfcondly, Upon Z defcribe a Circle, and in it 
frorti C towards E (becaofe the Phio declines ftaflj- 
ward> fct 35 deg. the Declination of the Plaiit to K, 
and ;duue.tbe June KZS for the Meridian of the Place 
npon which from Z to P, fft the half Tangent 38» 
a8 , the Complement of the Latitude, and finilh the 
Piojedion. 

Thirdly, 



4?» Of Diallmg. Puf II« 

Thirdly, Take the half Taneent of the Rcdi* 
oatioQ of the Plain 35^ 03V and ftt tt from Z to 
R npon the Line CD, fo have yoo three Points 
A, R^ and B, by which to draw yoor Plain i and 
let the Secant 56^ ^f (the Complement of Reclina* 
tion) from R nooa the Line CD, and it will ujtvc 
the Center i and the half Tangent of <if $rttt 
from Z will |iTe yoa the point Q^ the Pole of the 
Plain i thro Qthe Pole of the Plain| and P the Pole 
of the World,draw the Arch of a Cirde (by Pr^Um 
4. Clwf • 10. Part I.) And now feeing the Plain pafles 

{*Qft thro the Pole of the World, therefore the Pole 
lath no Elevation above it, and confeqaently the 
Hoor-Lines mnftbe parallel one to the other. Bat 
before yon can draw them, two thingt mnft be found. 

!• The Diftance of the Meridian from the Ho- 
rizon PR. 

2. The Plain's Dillcfence of Longitude, the Angle 
ZPQ. 

Both which by the Frojeftlon it thus foond : 
A Ruler laid from.Q.to P, wiD cut the Circle in 4: 
tnd the diftance a B meafured upon the Chords wiu 
u?e7o'' 10^, for the Diftance of the Meridian from 
ue Horizon ; and the Arch S k meafuredjipon the 
Chords win be 28*45^, for the Plain's Difference of 
Longitude. 

Tncfe thingsbeing founds the Dial muft be drawn 
Geometrically, not much difl^ing from the direft 
Eaft and Weft, and Equinodial Duls. 

!• To find the Diftance of the Meridian from the 
Horizon PB. In the right-angled fpbcrical Triaogie 
PRZ right-angled at R, there is given, ZP iV'xV 
the Complement of the Latitude, and the Angle 

RZP 
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RZP 35 <l^g- tbe PUid's Decliaation, and if yon will 
RZ 33'' 03' the Plain's Rccli nations ; to find RP, 
the Complement of the Meridian's Diftaace from the 
Horizon. T bus, 

As Rad. to s. PZ 38^ 28' 9.79383 

So s. RZP 35 deg. the Plain's Dedinat 975859 



i*« ■ i> 



To 8. RP 20° 54' 9S5H^ 

The Complement whereof 69^ 06' is the Arch PB, 
the Diftance of the Meridian from the Horizon. 

2. For tbe Plain's Difference of Longitude ZPQ: 

As s. of PZ 38*" 28' the Compl. of Lat. 9.79383 

Is to Radius 10. 

So t. of ZR 33"" 03' the Plain*s Reclinat. 9.7^669 



-MtfkMnA 



To s. of Z PR (Ji* I $' 9.94285 

Whofe Complement 28* 45' is the Angle 2PQ, tbe 
Plain's Difference of Ldngitude« 

Tie Ge0metric4 ProjeHien pf this Dial. 

Firflr, Draw a Line at pleafure, as AZB^ repre* 
renting the Horizontal Line of the Plain, 'then 
confidering what length you would have vour Scile 
to be, anfwerable to the bignefs of your Plain \ fup- 
pofe ZD^ take that Diftance in your Compaffes, and 
fettin^one foot in Z, with the other defcribe the 
Semicircle ACDB,npon whicb^with a Line of Chords^ 
fet 69^ o6\ the Diftance of the Meridian from the 
Horizon, from A to C, and draw the Line ZC£ for 
tbe Sub4tile. 

Secondly, Take 28'' 45', the Plain's Difference of 
Longitadei and fet from C to D> and thro the Point 

Pf C 
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Of Dialling. 



Part IL 



C draw the Tingeot Line FG at right-aagles to the 
Sob-flile. 




Thirdly, 
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Thirdly, With 15 dcg. df Chords divide the Se- 
micircle ADB into 12 eqoal parts-, and lay a Ruler 
to Z and each of thofe Points, and make Marks by 
the edge of the Ruler nponthe Tangent Line, and 
thro thofe Marks draw Lines parallel to the Sub^ftile, 
vvbich fliall be the trae Hoar-Lines. 



The fecond Vsrietj : Of South declining recliniffg 
Plains ; the Plain faffing between the Pole and 
the Zjnith. 

1. By ProjiBiem 

Let ns fappofe a Plain to decline from ttie Soath 
fialtward 35 deg. and to recline from the Zenith iS"* 

Firft, Draw a Line AB, for the Bafe of the re- 
cliniog Plain, and another CD, perpendicular there-* 
onto, for the Vertical Line of the Plain, crofling one 
another at Right*angles in Z. 

Secondly, Upon Z defcribe a Circle, and fet 35 
deg. the Declination from A to E, and from C to 
S, and draw EW for the prime Vertical Circle, and 
SZN for the Meridian of the Place, and finifli th« 
Frojedion as beJEore taught. 

Thirdly, Out of the Scale of half Tangents take 
18"^ 30^, the Reclination of the Plain, and fet it from 
ZtoH, upon the Line CD; and fet the Secant of 
71^ 30', the CompLof Reclination downwards from 
H, and it win give the Center whereby to defcrtbc 
the reclining Plain AHB ^ and the half Tangent of 
71** 30' will reach from Z to dthc Pole of the Plain } 
then thro Q.the Pole of the Plain, and P the Pole or 
the World, draw the Arch of a great Circle Q^?$ 
by Pr^.4. Chaf. iQ. Partu 

Ffi Tht 
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The next tiling U to find the Reqoifites bclongiog 
to the Plain, wtiich in all declining reclining Plains 
(excepting fach as pafs thro the Pole of the WorMi 
or by the interfeftioa of the Meridian and Bquinoc- 
tial) are Foor^ viz,. 

i.TheDiflr.of theMer.-k^ r^g 77" jy 



and Horizon 

2. The Height 
Pole or Stile above the I -.-„r.«* 

3. The Diftance of the f *^ °' 
Sab-Itile from the Mer. I 



4. The Plain's Difil of 
Loogitade Ji 



PR 13 14 
OR 9 00 

OPR 34 o» 



. And attthefe may be found by the Proje^on, by 

Trib. 7, 8. OMf. 10. Fdrt i. 

Having found the Reqnifites, the Hoor-Linej «e 
drawn aner the fame manner as in other Plains. 

2, By TrigtHvmitritidCAkidMtim. 

By the Interfedion 6f the Circles of the S|)here 
with the great Circles of the reclining Plain, there 
are conftitoted, feveral fpherioal Triangles } bat e- 
l))edal]y two : By the refol?ing of which aD the 
toremention'd Reqnilites may be found : The two 
Triangles are HOZ, right-angled at H> and OPR 
right-angled at R. ' 



I. For the Diftance of the Meridian from the Ho^ 
rizonBO. 

This win be foond In the right*angled TYiaogle 
HOZ, la which is given HZ 1^ 30' the Plain's Re- 
clination ; and the Angle HZQ 35 deg* the PlaiaV 
*" " ' - i to find the Side HO. 

As 
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As Rad. to s. ZH iS' 30', the Recliflatioo 9.50148 
Sot. of HZO 35° 00^, the Decliaation 9'Z^%ii 

Tot. of HO ii"* 32' 9.34671 

Whofc Complement 77* 28^, is the Diftance of 
the Meridian from the Horizon BO. 

2. For the height of the Pole or Stile above the 
Plain PR. 

This maft be foand in the Triangle POR^ bat in 
it there is not yet enough given ; wherefore ZO omfi: 
be firft fonnd in the former Triangle HOZ^ thas. 

As s. of HZO 3 s*" 00', the Declinat. p.7 58 59 

To s. of HO 1 2*" 3 2' 9.3 3^47 

So s. of ZHO 90"" lo. 

Jos.ofOZ22*'i4'^ 9.J7788 

Which fubtraacd from ZP 38*" 28^ there remains 
16^ 14^ for the Side OP, in the other Triangle OPR : 
And now feeing the two Triangles have the fame 
Angles at the Bafes, vU. the Angle ZOH, and ROP^ 
and therefore are fimilar, and the Sines of the Hy- 
pothenafes and Perpend icnlars are proportional (by 
Axiom I. Chdf. 7- Pan u) yon may work with both 
Triangles together to find PR, thas. 

As «. of ZO 22*" 14' Hypoth.> . -, . ^jr^y S0.4221 2 
Tos.ofZHi8 JO Perpend.r'*^"-^°2:i^^^^^8 

Sos»of POi5 14 Hypoth.2i-Xr5 pnp$^-^^4<J 
Tot. «f PR 13 il Pcrpendi*"*T"-f^^?;:;55S5 



Ffj 3. For 
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3. For the Diftaace of the Sab-ftile from the Me- 
ridian OR* 

In the Triangle POR» there is given the Side PO 
16*14', and the Side PR ij* 34'? ^o find OR. 

As c$. of PR I j' 3V 9-98771 

To Radius 10. 

So cs. of PO 1 6* 14' 9.98233 

To cs. of OR 9* 00', the Dift. of the l ^ ^^ ._ 
Snb-ftiie from the Merid. S ^-^^^ 

4. For the Plain's Difference of LoQgitnde OPR. 

As 8* of PO 1 6* 1 4' 9*44^4^ 

To s, of PRO 90* 10. 

So s. of OR 9* 00' 9* 1 9433 

Jo %. of the Angle OPR 34*02^ 9-74787 

Which is the Plain's Difference of Longitude. 



The next thing yoafeekis the Hoar- Diftancesopt 
on the Plain. 

The Plain's Difference of Longitude being 34* 02', 
wbich is two Hours, and 4' 02' remains ; wherefore 
the Plain declining toward's the Eafl:^ the Sob-ftile 
falls between the Hoars of 9 and 10 in the Fore- 
noon : wherefore write Sob<-ftile in the Table between 
the Hoars of 9 and 10 ; and below the Snb-ftile a« 
gainft the Hoar 10, write 4^02^ in the fecond Co« 
)umn ; fubtrad 4^ 02^ from 1 5% and there remaios 
10^ 58^, which write above theSub-ftile a&ainft the 
Hour 9 : then by a continnal addition of 1 5 , yea wiS 
produce the I^umbers in the fecond Colnmn of the 
Table, which are the S^qinodial PUtances or An* 

ftlcsatthePolet 
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N. B. Obferve in making up the Nambers in the 
fecond Colamn, that the Namber which falls againft 
the Hoar 12, is always the f^me as the Plain's Diflfe- 
rence of Longitude, if you have committed no Error. 

Then by the general Proportion. 
AsRad.tos. of Prist's/, the Stile's? 

height 5 

So t. of 4"" oz", the Angle at the Pole 



p. 37005 
8.84826 



To t. of the Hoar-Diftance o*" S7^ 8.2 1 832 



Latitude 

Declination 

Reclination 



5i*'32 

35 00 
18 30 



Dilt Merid. and Hor. 

Stile's Height 

Defledion 

Difif. of Longitude 
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Set 77" 38', the Diflance of tbe Meridiaa snd HO' 
rizon, from A to F (bccanfe the Ftaia dedioes Bait- 
vard) and draw ZF the Hoar>Line oi \%\ then fit 
p°oo' from F to G, and draw ZG the SaUltile ; and 
fee 1 3" 3 4' from G to I, and draw ZI tbe Stile ; tbea 
fet the Honr*Diftances both ways from tbe Sob- 
itUe. 

If the Plain recliDet fo that tbe Pole Ihall bare bat 
fntall ElevatioQ above the Plain, it will be th< bcfb 
way to draw it without a Center. 

Suppore a Plaia declines 35 deg. Eaftward, ud 
reclines from the Zenith 30° oo'. 

firft, find tbe aeqoiliteSfftiia the laft example. 
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- As Rad. to 8. ZH 30* 00*, the Recliaat 9.^9897 

So t. of HZO 35° oo'* tbe DecUnaC 9.84523 

To 1 of HO 19* «8' 9«S44»o 

« 

Wbofe Complement 70** 42' is the Arch BO, the 
Piftance of the Meridian from the Horizon. 

Secondly, For the height of the Stile, PR. 
Bat fiift find ZO, thus. 

As s. HZO 3S*oo', the Declinat. 9.75859 

Tos. HOi9»8' 9-5>9i9 

So is Radius io. 



J 



Tos.ofOZ3$*i»' $.16060 

Sabtrad:35**ii' from 38" 28', and there remains 
3* 21' I then. 

Ass. OZ 35'»>' 0.23940 

To s. ZH 30 00 9.^9897 

So s. OP 3 21 8.7<S<J<S7 

i Jo t. PR i 54; the Stile's height 8.70504 

iH Thirdly, For the Defieaion OR. 

r As C8. PR 2** 54' 9*999443 

(' To Radios lo. 

So cs. PC 3'2i' 9*999257 

|l Jo cs. OR I** 41', the Defieaion 9.999814 
I For the PlaiVs Difference of Longltode OPR. 

^ i Ai 

1 
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As 1 POs'll' 

To Radios 

So s. R.O i" 41' 



Part ri, 

8,766tf'75 
•lo* 



TBi.OPR 5or 1 1 VftcTIainVDffi; 
Longitude 




I P.701 3 



Having foand the Recpdlites, we £bal] pretet^ to 
draw the Dial. ^.-^ 

And Firft^ Draw AB parallel io the Boria*n» 
and upoA-Z dcfcribe the Arch AD. S^^r^^ ^T^r'ibe 
Diftarfice of the Meridian from tbe-flori^oir, fmnJA 
to D, and draw ZD For the Meridiafllbf the #li&i • , 
and ftt i'^4i^ the Pittance of^hc SuVftilclfrofli.tbe 
MeridiaD, from D to E, and<!raw 2E thj^Stib-Aile j 
then fct 2^ $4% the Stile's height, lifrom E toFti^afid 
draw ZF the Stile *, finifli itiis Is Aevedta thp s^h 



M 
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The third Variety^ of South deelmhg reclimim^ 
PUins : The FUin fsffing between the Pole 
Mnd the Horizott. 

1. ByTrojeSien. 

We viVa fuppofe a South Plaia to decline from tbe 
Sooth Weft ward 35"" oo\ and reclining from the 
Zenith 53*" 30'. 

Firft) Draw a Right-line AB for the Bafe of the 
Plain, and crofs it with another Line CD, at Righb» 
angles in Z, for the Vertical Line of the Plain. 

Secondly, Upon Z defer ibe a Circle, and upon the 
Periphery thereof fet 3$*" 00', the Declination from C 
to N, and draw the Line NZS for the Meridian of 
the Place, projeding the Sphere within the Circle. 

Thirdly, Take 53'' 30', the Reclination, from the 
Scale of half Tangents, and fet from Z to F, and let 
the Complement thereof from Z toQ.the Pole of the 
Plain i and the Secant Complement of Reclination 
fet from F downward, will give the Center of the 
Circle of the Plain, which draw thro the three 
Points A, F, andB. 

Fourthly, Thro P the Pole of the World, and O 
the Pole of the Plain, draw the Arch of the great 
Circle RPQ^ and find the Reqaifites, viiu 

1 . The Dift. of the Merid. froml ^ ^ {q^ 
the Horizon, I 

2. The height of the Pole or | 

Stile abov'e the Plain, ! reprefent- J ^ 

3. The Dift. of the Snb*ftilef edby ] 
from the Meridian, I RO 

4. The Plain's Diff. of Longitude I 

RPQi or J fiPC^; 

^ AU 
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AH which may be foond by the Projedion, by 

I Frob. 7, 8. Cbdf. 10. 

I, 

2. By Trigwimttricd CdlcuUtion. 

« 

The Trianglef wherein the Reqaifltes are to be 
found, are the Triangles OFZ, ROP, and ONB. 

I I . For the Diftance of the Meridian from the Ho- 

rizon BO. In the Triangle OFZ, you have given 
tbeSideFZ, the Redination $3°3o\ and the Angle 
FZO, the Plain's Declination ; to find FO. 

As Rad. to s. FZ 53° 30^, the Reclinat. p.905 1 8 
So t. of FZO 3 s** oo', the Declination p.84 ; 1 3 

To t. FO 29° aa' P.7504' 

Whofe Compl. tfo" 38' is BO, the Diftance of the 
Meridian from the Horizon* 

2. For ^ebeighfe-of -the Pole aboTe. the Plain PR.' 

This iboold be foand In the Triangle ROP, bat 
there is not enough given; wherefore In the Tri- 
angle ONB, you mdft feek the Side MO, thereby to 
gain the Side OP. Thus, ' 



As Rad. to th^ Sfncf^of BO tfo** 38' 9.94027 

So s. of l^BO 3^ %o'y the Cbmpl. of RecUn: 9.77439 

To s. of NO 31* 13' 9.71465 

This NO 3«* >3' taken out of NP 51° 32', leaves 
OP 20** 19'. And then becaafe the Hypothennfes and 
Perpeodtculan of the Triangles ONB and RPOarc 
proporiional, it wlQ be, 



I 
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tfo^aS'Hypoth. >iaTriaDg. 50^059733 
55 00 Perpend. S NOB. ^9,913 364 



As s. of BO 

To$.ofNB_ 

So s. of PO 26 19 Hypotb. ? in Triang. $ 9.540931 

To s. of RP 19 04 Perpend. S ROP. c 9.514028 

3, For the Diftance of the Sab-fiile from tbc Me- 
ridian RO. 

As the cs. of RP 19'' 04^ 9*97 549<^ 

To Radius 10. 

So cs. PO 20^ 1 9' 9.972 1 05 

To cs. RO i 09% the Defiedion 9*996609 

4* For the Plain's Diff of Longitnde RPO. 

As s. PO 20^ 19' P*54<^59 

To Radial 10. 

So s. RO i" 09' p.09Sotf 

Tos. RPO 21^ 00' the Plain's Diffiof> ^^,,,^ 
Longitude, ^ S ^-55447 

This 2 1 ^ 00^ is bat one Hoar and ^ 00^ of the 
Equinofiial over, which ibews that the Sob-ftUe 
(becaafe the Plain declines Wcftward) will fsill be- 
tween the Hoars of i and 2 } wherefore in the Table 
between the Hoars of i and 2 write Sab«ftile, and 
onder it againfi: 1 1 and i write 6 deg. in the fecond 
Column \ and fubtrad 6 deg. from 15 deg. and there 
remains 9 deg. fo write 9 deg. above Sub-ftile in the 
fecond Column ; then by a continual addition of 
' 5 d^g- y<>^ wiO have the reft of the Numbers in the 
fecond Column of the Table. 

Then for the Hour-Diftances apon the Plain, they 
are found by the ufual Canon^ vii^ 

• I Ai 
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As Radios to the s. of RP ip' 04', the ? 

Stile's height, | P.SU028 

So is t. 6° 00 , the Angle at the Pole 9.02 1 520 

To t. of I** 58', the Dift. of the Hour i, 8.53 5548 

And by repeating the fame Proportion, you wiH 
find the relt of the Hoar-Diftaaces in the fecond 
GolamD of the Table. 



Latitude 


5^32' 


Declination 


3S °o 


Reclioation 


53 30 


Dilt. Mer. and Hon 


60 38 


Stile's height 


19 04 


Defledion 


07 09 


DiSI of Longitude 


21 00 


Hours from Angles at 


Hour-Dif. 


Noon. the Pole. 


tances. 
71" 10' 


$ 7 


84' 00^ 


6 


69 00 


40 23 


2 5 


54 00 


34 12 


8 4 


39 00 


H 49 


9 3 


24 00 


8 16 


10 2 


9 00 


2 58 
ftUe. 


The 


Sab- 


II I 


6 00 


I 58 


12 


2i 00 


7 09 


I II 


36 00 


»3 ai 


2 10 


51 00 


21 j8 


3 9 


66 00 


3^ itf 


4 8 81 00 


64 08 



Se$ 
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Set So' 38', tbe Diftuce of the MeridiiD and 
Horizon, from B to E, and there draw the Hoor- 
Linei2-, and kt-fs/, thcDiftance of theSob-ltile 
from the Meridian, from £ to F, and draw ZF the 
Snb-ftile ) and fet 19° oV, the Stile's height, from 
F to G and draw ZG the Stik : Then kt the 
Hoor-Diltancet from S the Snb'fiik, and draw the 
Hoor-Uaes, ud Soifli tbe DiaL 



SECT. 
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SEC T. X. - • 

- • . » 

Hop to drMf Hottr-Liues upob North dtclinit^ 

' rfi:tinifig PUmr. 

'As there were three Varlfetics 6f South reclining 
Plains which decltae, fo are there as many in Korth 
De^liderSsrecliaiDg V for to any Declination a ReclU 
nation may ^e fitted, that th^ Plain fliaU pafs by the 
Interfedion of the Meridian with the ^Equinodial ' 
Circle. Or the Rectin^ttbo may be fucb^ that the 
Plain fliall pafi between the Zenith and the E^oinoe^^ 
tial. Or it m^y recline fo, that the Plain (hall 
pafi between the Equinodial and the Hprizoo* • '• 



■«i 



Thi firji Variety: Of North decUnwg: reclining 
' PUinSj the Plain faffing thfo the InterfeHic^ 
tf the MeriduM with the EoiHtno^ioL . • _^ 

• l» By the Pr0J${limt.'- • 

Oar firft Example (hall be of a North Plain de^^ 
dining Eaftward 55 deg. and reclining from the 
Zenith sj^'so'- 

Firft, Draw aLine AB, reprcrcnting the B^feof 
yonr reclining Plain, and another at Right^angtes 
thereto, as CD, the Vertical Line of the Plain^ 
eroding each other in Z. Upon Z defcribe a Circle, 
and apon the Periphery thereof fee 55^ 00^, the Plaiu'a 
Declination from C to N Eaftward, becaufe the Plaia 
declines Eaftward ; draw the Line NS the Meridiaa 
of the Place, and finiOi the Projcdion. 

G g Secoadlft 
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Secondly, Set the half Tangent of 35* 50^ the 
Reclination from Z toG, and the half Tangent of 
iti Complement from Z to Q the Pole ^ and let the 
Socant of the Complement from G opon the Line 
CD, for the Center ^ and draw the PUm AGB. 

Thirdly, Thro P the Pole of the World, andQ. 
the Pole of the Plain, draw the Arch of a great Gr* 
d^, which yoa wiQ find to be the fame as the Hoaj- 
Circle of fix i and therefore the Hoar-Line of fix will 
be the Sobftilar-Line of the Dial. 

The Reqaifites belonging to this Plain are Foar, 



I. The Diftance of the Sab-ftile from the Meri- 
dian, hM. 
Xf The height of the Stile above the Plain, PR. 

3. The Diltance of the Sab-ftile from the Meri- 
dian^ RK. 

4. The Plain's Difference of Longitade^ QP^ 

All thefe may be found by the Projedion, or 
2. By Tri£9ftometrical CalcnUticn. 

I. For the Diftance of the Meridian from the Ho« 
rizon, AiE. 

In the Triangle ZGiE, right-angled at G, there 
is given ZG ss^'so", the Recliaation, and the Angle 
i£ZG 55"" 00'^ the Declination i to find £G, thus. 



• i 



Lati. 
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Latitude 51^32 




DecHnation N. 55 00 




Recliaatioa 3^ so 




bi'ft. Mcr. and Hor. 50 otf 




Stile's height 4.8 13 




Defledioa , . po 00 




t)ifft of Longitude 90 00 




Hoars from 


1 Angles at 


Hour-Ditt. 




Noon. 


the Pole. 


fromtf. 




6 


00" 00' 


00° ' 00' 


1 


Z ' 


IJ 00 


11 20 




8 4 


30 00 


13 21 




9 3 


45 00 


3« 47 




10 1 


«o 00 


52 19 




-I£ I 


7S 00 


70 17 




J2 


90 00 .90 00 





4y« 




As Rad. to s. of ZG 35* S^t ^*>« RccUn. 9-16747$ 
So t. ofJEZG 55* 00 , Dcclinatioa >o.i54773 

To U of iEG 39* sV p.piiM 

Whole Complement 50* otf' is the Diftaoce of the 
MeridUo from the Horizoa. 

2. For the height of the Pole abore the Plain, PR. 

lo the Quadrantal Triangle PiER. 

A$ 5. of JEG 39'' 54' 9.807163 

To Radius iER 10. 

Sot. of 2035^50' 9.858601 

To. t. of PR 48'' 23', the Stile's height 10.051439 

The orher two ReqaiCtes^ the Diftance of theSolv- 
(lile from the Meredian R^, and the Plain's Difie«v 
rence of Loogicade QP£, or iEPR, they are each 
90 deg. as is evident in the Projedion. 

And for the Hoar-Diftances, they are calculated as 
for an Horizontal Plain, by the general Analogy. 
Thai, 

As Rad. to s. of PR 48* 23' the Stile's > ^ ©^ ^ 

height. 5 ^'^^^^7 

So t. of the Angle at the Pole 1 5^ 00' 9.42805 

To t. of the Hour-Diftance 1 1*" 20' 9.30 172 

Which Is the Diftance of the Hours 5 and 7 from 
the Sub-ftile 6. 

To draw the Hour-Lines : Firft, Sctjo'otf^ the 
Diftance of the Meridian from the Horizon^ fromB 

/ to 
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to K, and there draw (from 2 thro K) the Hour 
12; tbenfet podeg. from K to L, and draw the 
.Hoor-Lineof 6, (which is alfo the Sub-ftile.) And 
from L fct ofFthe Hoar-Diftances^ and draw the red: 
of the Hour^Lines: Then fet 48"* 23', the Stile's 
height, from L to O, and draw ZO the 5tile, and it 
is finiOied. 



The fecond Vdrietj : Of North declinwg reclining 
Plains^ the Pidin faffing between the Zenith 
i dnd the Equino^idL 

Let an Example be of a North Plain declining 
Weft ward 55'' 00', and reclining from the Zenith 

Firft, Draw a Right-line AB, for the Safe or Ho- 
rizontal Line of yoor reclining Plain, and at Right- 
angles thereon to another, CD, for the Vertical Line 
of the Plain, crofling in Z. Upon Z defcribe a Circle, 
and upon it from C to Hf fet the Plain's Declina* 
tion 55 deg. 00 min. draw the Line NS for the Me* 
rtdian of the Place, and the Complement of Lati- 
tude from Z to P, and the Latitude from Z to iE : 
Then fet the half Tangent of 20 deg. 30 min. the 
Reclination from Z to H, and the half Tangent of 
the Complement from Z to O the Pole of the Plain i 
the Secant Complement fet from H, will find the 
Center to draw the Plain AHB* Then thro P the 
Pole of the World, and Q the Pole of the Plain, 
draw the Arch of a great Circle} and find the four 
Reqailites, viz.* 

I. The Diftanceof tbe^Meridian from the Hori- 
zon, AO. ':i 

Z. The height of the 'Pole or Stile, above the 
Plain, PR. 

G g 3 3. 1 he 
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'• 3. The Diftance of the Sal>-ftile from the Meri- 
diaD, RO. 
4. The Plain's Difference of Longitnde^ OPR. 

All vvhich are found by the Projedion, or 

2. By Trigonometrical Calctddtion^ thos. 

1. For the Diftance of the Meridian and Hori- 
zon, AO. 

In the right-angled fpherical Triangle ZHO, right- 
angled at H, there is eiven.tbe Side ZH 20 deg* 30 
min. and the Angle HZO 55 deg. 00 mhu the De- 
clination ) to find the Side AO. 

AsRad. to s. ZH 20"" 30^ the Reclinat. 9.54431 
So t. of HZO 55" 00', the Declination lo.i 5477 

To t. of HO 26"* 34' 9-69909 

Whofe Complement 63<Ieg. 2<$roin. is theDilV 
tance of the Meridian from the Hori^on^ AO. 

2. For the height of the Pole above the Plain^ PR.' 

This mnft be foorid in the Triangle PRO, in which 
there is not yet enoogb given ^ wherefore yoa muiJi 
get the Side PO, thns. ' 

As s. of HZO 5 f 00' the Declination 9^9 1 3 3^ 
To s. of HO 26^ 34' 9-^5054 

So is Radios 10, ' ' 



Tos.Z0 33''o5' 9.73718 



To 



*t* 
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To ZO 33 dcg. 05 min. add ZP 38 deg. 28 infri. 
ttie Som win be 71 deg. 33 min. fo have yoa the 
YfhoU Side PO. 

Now the two Triangles HOZ, and ROP being 
proportional, the Side PR may be thns found. 

• 

AsS.of OZ 33''o5' Hypoth,? in Triang, s o.itfzSi 
To 8. of HZ 20 30 Perpead. S HOZ l 9.T4433 
So s. of OP 71 33 Hypoth.? in Triang. ^ 9.97708 
To $. of PR 37 2P Perpend. S PRO ? J^T^Ii 

Which 37 deg. 29 min. is the height of the Pole 
above the Plain. 

3. For the Diftance of the Sab-ftile from the Me- 
ridian^ RO. 

As t. of ZH 20* 30' Perpen. ? in Triang. 50.4272^ 
Tos.ofH0 2d34Bafe S HZO 49.<J5054 
So t. of PR 37 ap Perpen. Tin Triang. C9.88472 
To8.ofR065 32Bafc 5 PRO IJI^esTi 

Which 66 deg. 3a min. is the Dcfleaion, or Sub- 
ftile's Diftance from the Meridian. 

H. For the Plain's l)ifierencc of Longitude, OPR. 

Ass. PO 71° 33' , p.97708 

To Radias lo. 

So s. RO 66" 32' 9.953 52 

To s. of OPR 75' I S' the DilT. of Long. 9.98544 

The Plain's Difierencc of Longitude being 75 deg. 
15 min. which is j Hours, there remains o deg. 
1 5 min. wherefore the Sab-ftile falls between the 

G g 4 fifth 
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fifth and fixth Hours from the Meridian ; and ooder 
Sob-ftite in^tbe fecofidColomo of the Table write 
o deg/i c mio. and fubtcad o deg. 1 5 mio. from i $ 
deg. apd there retnata« 14 deg. 45 mio. which wrice^ 
above the^^lvftile; then by a contiooal additioa of 
15 deg. yoti V9\i\ have all the Angles at the Pole, as 
in the fi^ondCi^Iotnii of the Table. Thra to find 
the trae'Hoor*PJIlai)cps^ ofe the general Analogy, 

As Ra^- to s. of ii't iy the Strict height p.78428 
-So i^ti of o? 15' the Angle at the Pole 7.63982 



To t. of the Hour-Diftance 0"* 09' 
And fo of all the reft. 



"^i 



«*w 



1.^1^10 



lUacicude 
Declination 
Keclinati^n 



L>iit. ot tt>e Mer. aad Hoi* 
Stile's height 
Defledion 
DifT. of Lon^. 



Hours from 
Noon. 




Set 
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Set«3deg. 16 rata, (tbe Dilbnce of the Meridiaa 

and Horizon) from A to F, and fet 6($ deg. 32 min. 
(the Defleftion) from F to G, and draw ZG for the 
Sub-ftile i and fct 37 deg. 29 min. (the Stile's betghr) 
^otdG to, H, and draw ZH for the Stile, Set ofl* 
the Hoar-Diltaoces from G the Sub-Aile, and lay a 
Kuter from Z to each of tbofe Points, and draw (he 
Hoar-Lines. 
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• » 

4 

The third Vdriety of North declming reclining 
FUinSj tvhere the Plain pajfeth between the - 
£quino£fial and the Horiz,on. 

• « 

Suppofe a North Plain declines 43.deg. 15 min. 
Weft ward, and reclines 49 deg. 20 min. from thq | 

Zenith, in the Latitude 53 deg. 00 mio. * 

Firft, Draw a Right-Line AB for the Horizontal 
Line, or Bafe of the declining reclining Plain, and 
crofs it at Right-angles in Z with CD, for the Ver- 
tical Line of the Plain. Upon Z delcribe a Circle, 
andfet the Declination from C to.N, and 'draw KS, 
the Meridian of the Place i from Z fet 38 deg. 28 nain, 
to P, and 51 deg. 32 min. to £, and finilh the Pro- 
jeSion. 

Secondly, Set the half Tangent of 4^ deg. 20 min. 
the Reclination^ from Z to F, and the half Tangent 
of its Complement from Z to Ci,the Pole of the Plain^ 
fee the Secant Complement of Reclination from F up* ' 
wards in the Line CD, which will give the Center . 
of the Plain, which draw thro the Points AFB. 

Thirdly, thro P the Pole- of the World, and <i 
the Pole of the Plain, draw th^i^rch of a great 
Circle ; then find the Requiiites, viz.* 

1. The Diftanceof the Meridian from the Hori'- 
'zon, AO. 

2. The height of the Pole or Stile above the 
Plaiii, PR. 

3. The Deflexion, or. Sub-ftile's Diftance from 
the Meridian, OR. 

4. The Plain's Difference of Longitude, OPR. 

All which may be foand from the Projedion, or 

* 2.Bf 
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z\ By Trigonomctricd CalcnUtiiil 

AH the Reqaifites win be fopnd in tbe two fpbe- 
rical Triangles ZFO, and PRX. 

1. For the Diftance of the Meridian frpm tbeiHo-] 
rizoot AO. 

In tbe Triangle ZFO is given ZF 49 deg. 20 mitfj 
the Reclination, and the Ang).e OZP the Declina- 
tion } to find OF, thas. 

As Rad. to s.of ZF 40^ 20^ the R^lii^t. p.9799^3 
So t. of OZF the DecUnation 43"" j j^ 9«734S4 

To t. of OF 35° 31' 9.S53417 

Whofe Gotqplieiiaent 54 dcg^ 99 mil)* u t)ie D\£^ 
tance of tbe Meridian from the Horizon. 

2. For the height of the Pole, or Stile aboTC the 
Plain, PR. 

In the Triangle XPR there is not yet eneaghgtreD; 
therefore, firft find ZO in the Triaqgle OZS* 



As s. OZP 43" I s' the Declination 9.83 58 1 

To 8. OF if 31' 9.7^3 

So Radios 10. 



To s. Zp. 57* 59' 9>92932 

To this 57 deg. 59 min. add ZP 37 d«g. 00 mjn. 
the Complement of the Latitude, the Sam is PO 
94 deg. ^9 min. whofe Complenient tP. 180 deg. is 
PX 85 deg. 01 min. 
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Then in the two proportioaal Triaogles OZF, 
and PXR. 

ASS.OZ 57*59' Hypoth, jin Triang. co.o7»tf8 
To s. ZF 49 2o Perpend. $ OZF. C9.879$>5 
So S.PX 85 01 Hypotb. ?in Triang. 5 9.99836 
To 5. PR 63 02 Perpend. 5 PXR. cj.jjj^ 



• m 



So the height of the Pole abore the Plain is 53 deg» 
oimiiL 

. i. For the Diftance of the Sob-Itile from the 
Meridian OR. . 

. lathe two Triangles OZF, and PXR, it will be. 



As tl of^- ZF 49^ 2c/, the Reclioatioa 9*934055 
Tos.ofF0 35 31 9-754131 

So t. of PR 53 02, the Stile^s bright 10.193459 

Tos.of RX78 48theSab.ftiIc*sDift.? „„^,^,^ 
from the N. Meridian 19-99^6^ 

I 

Whofe Complement to i8o deg. is OR, the Dc« 
flcdioQ fought. 

4. For the Plain's Difference of Longitude, OPR. 

- As 8. PR 63^* 02', the Stile's height 9.95000 

To t. RX 78' 48', the Sub-ftilc's Dift. ? 
from the Meridian . ^10.70332 

So Hadius ' '"' ip. 

To t. of RPX So' 00^ 10.75332 

RPX 80 deg. 00 min. is the Angle counted from 
tliftjlorth, therefore the Angle OPR is the Com- 
plement 



I 
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plemedt 1&';r8ij deg. aSTls 'Tbb' 
Plain's biSereaCe of Lon^tDdeVr 
South. " ■ . ' 

The next thiog to be done is 
Diftancesi the DitfStence of Lon 
min. is 5 Hours and jjdeg. over, i 
North Meridian J fotheSub-ftilcoiuItftandbfcneea 
the K e$ 

at the »> 

ble b 
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Set )4° 29' from e'to G, To ii G tluKortli pari 
of the Mcridiao ; add from Q to I fet 78 deg. 48 
min, theDiftanceof the Sob-ftile from the Meridian, 
and draA ZI the Sob*ftile ; andfeEtfjdeg^o^ min. 
the stile'i height, 4^om I to K, and draw ZK the 
Stile. 

Then fet off the Honr-DUtances fi-om theSnb-'ltile; 
an that are above Sab-ittle in the Table, fet apwards 
towards the Itottb part of the Ueridian. 

Of 
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Of Did PUinij snd how one Diatmaj he dedu^ 
ced from dmtlieri $r North ffm$ £ ^Mthj an 
EAft from d Wejt^ d North Oecliner from m 
South Decliner ; dnd dU^ inclining Didts from 
Re f liners offofite to them^ 

As there were fix Varieties of dired recliding 
Plains^ and as nlaoy Recliners wbrcb do aifo decline j 
fo there are as many of both' forts which'do ibcUne, 
and incline and decline alio. To %\rt prarticulit' 
Bxanipiesof all tbofeifin be needlels, ifwt'cdnfi- 
der, that, when weharedrawn a Dial for an^ Plaifi, 
we have alio drawn one for theoppofite Pldin ; ir 
the Hour- Lines, Stile, and Sab-ftile^ be drawn thro' 
the Center. As for Example, having drawti a Notth' 
declining reclining Dial, if we draw the'Hour- Lines; 
Stile, and Sub-ftile, thro the Centtr, we havta Sooth' 
declining inclining Dial, whofe Declrnatloti is the 
fame but towards the contrary Qoa^'i that is, if 
one decline from the Morth Weft Ward, theil the 
other fhtill decline from the* Sooth' Baft Ward, an'd^ 
the Inclination of this be eqoal to the Rtdination of ' 
that. Bat* the contrary Pole will be* d^^ted i fo 
that if the Stile of the Korth Recliner' point up- 
wards to the Morth Pole, the oppolite Sooth Inclider 
wiO point downwards towards the'Soath Pble. Ahd - 
if any declining Diat be drawn upon Paper, and ^ 
prick'd thro, and the Honr-^Lines, Stile, and Sub^ 
ftile drawn upon the back-fide of the Papef, it will ' 
then be made for the fame Declinatidn; bot for the 
contrary Goaft } that is, if it dedih'd from the 
South Weft ward, it wfll now dedine from the 
Sooth fo much Baft ward ; and the fame of declining ' 
reclining Dials : fo that in making of one Dial, we 
have made four. 

CHAP. 
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CHAP. IX. 

Of Jnftrumental Dialling. 

TH Q thi$ Chapter may fecm foreign to my 
DefigDy yet forafmucb as inftrumeotal Dialitng 
is oot very well expiaia'd in our Engtijh Aathors, (as 
far as 1 have feen) efpeciaUy the referring of recUoing 
Plains that decline to a nev^ Latitude^ and new De« 
diaatioa i (Mr, Uybourn in bis Folio of Dialling, in 
the 4th and 6th Cbai>ters of the third Tradate, has 
given us Rules, but falfe printed, to find the new 
Latitude and new Declination of fuch Plains, thereby 
to find where they will be upright Plains \ but men* 
tions nothing of the Demonftration, fo that be leaves 
OS wholly in the dark for finding the Reafon of thofc 
Rules, neither have I feen it in any other Author : 
I therefore perfuade my felf fuch a Demonft ration wiU 
be acceptable to an Enj^Ufh Reader, which is what in« 
dnced me to write this Chapter. 

There are feveral Inftruments contrivM by feve* 
ral Authors for this purpofe \ but the Inftrumeot I 
Ihall make ufe of (ball be the Scale of (ix Hours, and 
a Scale of Latitudes agreeable thereunto, fuch as are 
placed upon OUins\ Quadrants. 

The Line of Hours is no other but a double Tan* 
gent of 45 deg* that is, 45 deg. fet both ways from 
the middle of the Line. 1 he Line of Latitudes be- 
in^ made e^ual to Radius, or 6odeg. the whole Line 
or Hours will be 90 deg. 

The Line of Latitudes is graduated thus. 

As Radius to the Chord of po deg. fo are the 
Tangents of the refpedive Degrees to the Tangents 
of other Arches. 

Then the natural Sines of tbofe Arches are the 
£3umbers, which taken from a Diagonal Scale of 
equal Parts, (ball graduate the Divilions of the Line 
0/ Lstitodes. £xmi^, 



u 
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ExsmfU. Let os calculate for tbe Divifion of lo 
Degrees. 



TotheSiDeof45deg. 
Add tbe Log. of 1 



9.84948 
0.30103 



The Sam is tbe Chord of 90"" 10. 1 505 1 

As Rad. to the Chord of 90'' 
So is tbe t. of lodeg. 

To fc of 13*55' 
The Dataral Sine agaioft it is 141 9« 



10.150JI 
9.24631 



iM <h 



9.39683 



By the lame Method is the following Table caU 
ciliated* 



A TdUe for dividing tbe SuU of 

Ldtitnde. 



I 
I 

4 



*47 
5«4 



iiiS 
1470 
1711 

19^S 



5 

6 
7 

h 

101419 






II 
II 

M 

M 

M 

U 



2^50 
1879 



5I04I 

53*5 
3545 
3758 



I7i59^5 
i84i7< 

19^4378 
*o!4577 



I 



til 

*3 

14 



*5 

»7 
18 



30 
31 



477i 

49^1 
5146 

53*8 



550< 
5^78 
5845 
^oic 



29^1^5 



^315 

^475 



$11^^11 



L 




4x7758 
4178^5 

4379<f8 
4480(8 




Hh 



9088 

9147 

9105 

9*58 

93" 
93^0 

'319408 
^49454 



66 
69 



5| 949<f 
^1 9539 

9578 

9(15 



^m 



9(51 
9685 

9745 
9801 



(9 

70 

7* 
741 

75 
76 
78 
8(^ 

85 
90|lOOOO 



98*5 
9848 
9888 

99*4 



I* 



9>8» 



SECT. 



466 Of tiMng. Part IL 

SECT. I. 

How to drAtv Hour-Lines ufo» tn Horis/mid 

. PUsm: 

Firft, Draw the Line CD, for the Hoar.Line of 
tf, then from your Scale of Latitades take 51 deg. 
32 mid. (the Latitade of the Place) aad (et diat 
Piftaoce from the Center A both ways to C and D ; 
then Uke ia your Compaires the whole length of the 
Line of Hoars, and fet one foot in Ct ftrlke th« 
Arch 4M, then remove the Compafs point to D* 
and with the other ftrike the Arch M, and draw the 
Line AB for the Meridian, or Honr-Line of 1 2, 
and draw the Lines CB, aad D6. Then firomtbe 
Honr-Scale take the fitft Hosr-Diftance in your 
Compafles, and fet one foot in B, and with the other 
make marks at 1 and 1 1, and the fame wiH reach 
from D to 7, and from C to 5 ^ then take tw9.Hoors 
In yoar Compafles, and fet firom B to a and 105 
wd from etc 4, and from D to 8 : then take three 
Hoars from yoar Hoar-Scale, and fet from B to 9, 
and 3 : Lay a Raler to the Center A, and to each of 
the Points in the Lines CB and tB, and draw, the 
Hoar-T ' 



^ 



t 

iViff, That the Hoar-Lines 4 and J, and 7 and 
Oi moft be drawn thro the Center. 

With 60 deg. of Chords defcrihe the Arch EF, 
and upon that, from fi to F, fee the Stile's beighe 
51 deg. 32 mio. and drawthe Stile AF. 

The ereft dired South Dial i| drawn aftei- the 
fame manner, only yoo malt fee the Complement of 
Latitade from A to C and D ; and the Stile's height 
maft beeqaal t;o the Coopleneat of the ' -^-^- 
alfo. 



By 
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By this one general way of w orkingt yoa may 
make any dired North or Soatb recUaioe, or in- 
cliniog Dial \ for if yon find the height of the Stile 
hyScfif. 7 and 8. and take that from tbeLioeof La* 
titudes, and fct from the Center both ways toCand 
D, the reft of the Work will be the lame. B?* *f 
a South Plain reclines equal to the Complement of 
the Latitude, or if a North Plain reclines equal to 
the Latitude, then is the one an Equinodial Plain^ 
and the other a Polar, and muft be drawn by the 
Diredion given in the aforefaid Sedions. 



y 



SECT. IL 

Haw to mdke dn uf right South or North DUl^ 

declining Eafi or Wejt. 

We will take the fame Example as in SeQ. 4. of the 
laft Chsf. of a SQutb Plain declining Weftward 30 
deg. in the Latitude 51 deg. 32 min. 

Firlt, You moft find the Reqnilites, as is taught 
in the 4th ScQion of the lafl: Chafter; but more rea- 
dily by Scales for that purpofe, thus. Take the De- 
clination with your Compafles from the Line of 
Chords, and apply that extent, firfl: to the Line of 
the Stile's height, and you wiQ find it to faU upon 
32 deg. 3tf min. and fo much is the Stile's height: 
and apply the fame extent to the Line of the DiC- 
tance of the Sub*(tile from the Meridian, and yoa 
will find that to fall upon 21 deg. 40 min. Again, 
apply the fame extent to the Line of the Plain's Dif- 
ference of Longitude, and you will find it to fall 
upon 3^d^g* 25 min. 

Having 
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Having foand the Requifites i the Different of 
Looff^tode being rcdaccd^into Time, maies?h « 
min.|, which iS34-f mio. fliort of 3 hours which 
Acw, that the Sub-ftUe faOs betwc4 tte borrs of 

LiSfrS ''"'Si" P^e^rcd, draw an Horizontal 
1-ineCD, andfromthcCcnter Adraw AB at niahl 
Mglcs, for the Meridian or Hourlbe of , 2. ^t^ 
mth d6 deg. of Chord, opon A defcribe tie Sch 

to tS fiJi Jk *° '^'cMcridiao, from E to F, always 
tion ; that s, if the Plain decUnet Weftward (a L 

S!f/rt^ fctoffthe^ab-ftne on theEaKd? 
of the Meridian, and if the Declination be Eaftward 
St lii hTI.'^* Weft.fide: then from F fct the 
fhl « kW' 3^deg. 36 min. to G, and draw AP 
theSob-ftilc, and AG the Stile. « "p 

Right-angles to the Sab-ftile; and take 32 dee. 
3tf mm. the Stile's height, out of the Line of Latf. 
tades, and fct it from A both ways to H and I; 
then take m your Coinpafles the whole Line of Hoors. 
and fct one foot in H, with the other ftrike the 
Arch cc, and remove it to I, and ftrike the Arch JJ; 
and draw the Lines HB, and ffi • then from the 
Hoor-Scale take 25 f min. and fet from B to 2. r«n. 
on the LiM HB) again, take 1 hour 2j| min.a.!d 
let from ff to I, and take z hours 25 4 tain, and fct 
from B to 1 2, and fi> fet 3 b. if min. |. 4 h. 25 min. 
T, 5 b. 25 nain..^, and tf b. ^S'min. -f, from B co i 1. 
10, 9, and 8 1 ^tbeii taRc ^4^ min. frdm the Scale 
ol Hoars, and fet on the othier iide of the Sob-ftile 
from B to 3, and take 1 b. 34 min. ^ and fct from 
B to 4 i and take 2b^34 min.-f, 3 b. 34 «nin.|, and 
4 n. 34 min.-f, and fee from B to 5, <y, and 7 ; and 
Uy a Ruler to the Center A, and to each of ihofe 
Points, and draw the Hoar-Unes. 
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Nottf The Hour-Line of 8 in the Mormae it 
drawn from th( Of poCu 8 thro the Ceqttr, 
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SECT. IIL 

How to dnw HouT'-LiMes ufon Esfi gnd ff^* 

Recliners. 

The beft way is to redace thefe Plains to a new 
Latitade, and new Decltaation, where they may 
be upright Plains* 

The new Latitade of all reclining Plains^ is an 
Arch of the Meridian of the Place contained be* 
tween the Eqnino^ial and the recliDing Plain. Kow 
thefe Baft and Weft Recliners cut the Meridian juft 
in the Horizon, fo the Diftance of the Horizon and 
Eqninoftial (SR in the Figure of the Eaft RecUner, 
Se^.6. of the laft Chuf.) is the new Latitude, which 
is equal to the Complement of the old Latitude, or 
Latitude of the Place given. 

The new Declination oif all reclining PlainS| is aa 
Arch of a Circle contained between the Pole of the 
reclining Plain, and the Meridian of the Place^ and 
cutteth the Meridian at Right-angles j which in the 
Baft Recliner, 5#fi. 6. is reprefented by ZQ^ which 
is fqual to the Complement of ZO the Reclinatipn. 

So if yon make a declining Dial by the Dired^ions 
of the XdiVtSiSiQUy for the new Latitude, and to the 
new Declination i focb a Dial will fit the Baft or 
Weft reclining Plain, only you muft always remem- 
ber to place the Hour-Line of fa parallel to the 
Horizon in all thofe Plains. 

Ex$mfU. Let it be required to draw Hour* Lines 
upon a Weft Plain reclining 35 deg^ in the Latitude 
51 deg. 3imin« 

The new Latitude will be 38 deg. 28 min. and the 
new Peclination will be 55 deg* for which make a 
declining Pial| as is directed in the laft StSim. 

Hh4 The 
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Pait II. 



The height of the Stile is foood to be 26*41' 
The DcBeftion 45 jj 

Difference of LoogitD(|e 6tf 29 




•■■'-•■;,V-1 



SECT. Vf. 

Hon to Jrap Hmr-Umi ufon dtcUiiiiig rttlimnr 
PUias; mi frfi (f Sanh Raliiini, 

The belt way ii to refer thefe Fliini to ■ nnr U- 
litode, ud new Declimtiog, where tliej mi be op- 
rijIitFlJiiis, ' 



% 
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Sappofe a PlaiQ ip the Latitadc 51 deg. s^mifl. 

^ flioold decUae from tb^ Soath Eaft-ward 35 deg. and 

recline from the Zenith 18 deg. 30 min. It is re- 

?Qired to find in what Latitude it (hall be an opright 
lain^ and what Declination it (hall have in that new 
Latitude. 



At Rad. to cs. of Declinat BS 55"" 00' 
So ct. of Redination SBO ji"" 30' 

TotofOStf7*47' 



9.91336 

10.47548 

io«38884 



Becanfe OS 67 deg. 47 min. it greater than the 
Latitade, yon moft inbtradPS 51 deg, 32 min. the 
Latitude from it, and there will remain OP 1 6 deg. 
1 % min. whole 0>mplement OM 73 deg. 45 min. is 
the new Latitude required : for the new Latitude 
(as was ihewed in tbe laft StSian) is an Arch of the 
Meridian, contained between tbe reclining Plain 
AHB, and the Eijuinoaial, and fuch is OiE. 




To 
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To find the new DecUoation. 
In the Triangle QZF, there are giren^ZQ?! dcg. 
30 min. the Complement of Reclination, and the 
Angle QZP35 deg. the Declinatioay to find QP the 
new Latitude. 

As Rad. to s. ZQ.7 1"" 30' 9.9769* 

Sos.Q.ZFss'oo' 9.75859 

Tos.QjP32^yy 9.73SSS 

The new Declination is an Arch of a Circle com- 
prehended between the Pole of the reclining Plain^ 
and the Meridian; therefore QP 32 deg. 57 min. is 
the new Latitude required. 

Again, Suppofe a Sooth Plain declines 35 deg. 
Eaftw^rd, and reclines from the Zenith 53 deg. 30 
min. It i» required to find the new Latitude, and 
pew Declination, 

Firit, To find the new Latitade. 

In the Triangle RSB, there arcgiren SB 55 deg. 
00 min. the Complement of DecUoation, and the 
ADgleRBS 3^ deg. 30 min. to findRS. 

As Rad, to 8. of BS 9 f 00' the Cofflple» > 

ment of Declination S ^•*'33<J 

go t. of RBS 36f 30', the Comptement 7 ^ o^ , 

ofaeclinatiott S ^'^^^^ 



\ 



«"*<N 



••■■» 



Tot.ofRS3i'i3' .9.78157 

Becaufe 31 deg. 13 min. ii lefs than the Latitade 
SP St deg. 32 min. fobtrad it from the Latitade, 
and there remains ao deg. 19 min. RP, whofe Com- 
plement 6p deg. 41 min. is the Diftance of R (the 
laterfeaion of the Plain and Meridian) from the 
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iQartbcrn Interfedion of the Eqmnodial with the 
Meridian, which ii the new Latitude required. 

» 

Ttfind the new Dcclinstion. 

In the Triangle L2N, there are giv^cn LZ 36 deg. 
30 mtn. the Complement of Reclination, and the 
Angle LZN 95 deg. 00 min. the Pedination j to find 

As Rad. to $. of ZL 36* 30', the Com- ? o -tt^. -.« 

plement of Recltnation S ^- 77439 

So s. of LZK 3 S'' 00^, the Declination 9-7 5859 

To s. of LN 19'' 5/1 th« ^^^ Declinao ^ • 
tion required i ^^o^ y 



(y ^«rxi& RecUners iiclinhg. 

I. If a Morth plain decline Weft ward 55 deg. and 
recline from the Zenith ao deg. 30 mio. it is re- 
quired to find in what Latitude it will be an upright 
Plain, and what Declination it Ihall have in that nevr 
Latitude. 

In the Triangle AOS^ there are given AS the Com- 
plement of Declination, and the Angle SAO the 
pMiplemcnt of RecUnation j to find SO, thus. 

As Rad,to s, of AS 35"" 00', theCom-? « 

pleoeat of Declination S ^'75 59 

30 1. of SAOdfs'' 30^, the Complement? w^ « ^ 

Qf RecUnation _ S '''•♦"72tf 

To t. of SO 56« 54' 10.1 8585 

I 

From 
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From which fubtrtd SM 38 deg. a8 min. the 
Complemeat of the LatKade, and there reouiiu JEO 
18 deg. 16 mio. the new Latitude required. 

Ttfindthtntw Dfclitutm, 

In the Triangle ZQF, are given 2Q.theCompIe- 
luent of Reclination, and the Angle QZF the old 
Declination, to find QP the new Declination. 




As Radias 

To s. 10.69* id 

So s. QZF 55' 00' 

To s. OP 50" o6f 



10.00000 
9.971 $9 
9.9133^ 




Which 50 deg. otf min. is the new Declination 
required. 

a. If 
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2. If a Plaio decUncf from the North Weltward 
55 deg. and reclines from the Zeoith <o deg. it H 
required to find the new Latitodc, ana new Declf* 
nation. 

T^pni tb§ new Ldtitude. 

In the Triangle ARS, there are given AS, the Com« 
plement of Declination, and the Angle SAR, the 
Complement of Reclination \ to find the Side SR. 

As Rad. to s. of AS 3 5^00', the Com- > ^ ^ ,« , 

. plemcnt of Declination 5 ^^ 5» $9 

Sot.of SAR 40'' oo^y the Complement? ^, « 

of Reclination S ^•'"^^^ 

Tot.ofSR25''42' ^,68240 

Sobtraft SR 25 deg. 42 min. from SJE 38 deg. 
28 mio. the Complement of the Latitude, and there 
will remain KM 1 2 deg. 4^ min. the new Latitude 
required. 

7a find thi new Declin^hn. 

In the Triangle LV2^ there are given ZL 40 degj 
00 min. the Complement of Reclination, and the 
Angle LZV 5 5 deg. 00 min* the Declioatlon j to fiad 
LV^ the new Declination. 

As Rad. to s. ZL 40* oo', the Comple- ^ Qo8o« 
ment of Reclination 5 S^.oooo? 

So 8. of LZV 5 5"" 00', the old Declinat. p. 9133^ 

To s. of LV 3 1^ 47\ the new Declinat. 9.72 1 43 

Thus have I fhewed you the Rules to fiod the new 
Latitude, and new Declination, and dcmooftraced 
them by Examples in aQ theCafes that can happen ^ 
only when the RecUoation and Declination is Aich 
that the Plain pafles thro the Pole, and fo has 90 deg. 

g new 
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new Latitude i or when it fo reclijies and declined 
from the North, as to £iB io the Itftetfeftion of the , ' 

Meridian and Eqainodial, and then the new Lati- 
tude is oo deg. . k 

I Ihall now proceed to Ibew how to find the Re^ 
qoifiteSf and to draw the Dbl. 



I. For the Diftance of the Meridian from the Ho^ 
rizoa« 

As Rad. to s. of 2K 50^ oo\ the Recli. ^ «« 
nation 3 9^00^2^ 

So t.ofRZKss^'oo') theoldDedina^ 10.15477 
. To t. of RK ^f 34^ 10.0390a 

Whofe Complement 42 deg. 16 min. Is the Angle 
the Meridian makes with the Horizon. 

The other Reqaifites are found by the Proportion! 
in s^. the 4th^ worlung with the new Latitude and 
new Declination. 

^2, For the height of the Pole or Stile abore^e 
Plain. 

AsRad. to cs. of the new Lat. 1 2" 46' ^^pSpi 3 
So cs. of new Declination 3 1" 47' 9*92944 

To 8. of the Stile^s height 56'' oo' 9*9iSsl 

^ For the Diftance of the Sub-ftile from the Meri« 
dian. 

As Rad. to s. of tiew Declination 31^47^ 9*7215'^ 
So ct. of the new Latitude iz""^' 10.54477 

To t. of the Defledion 6^ 44/ so.36634 

4. For 
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4. For the PIafn*sDifiereDce of LoDgUnde. 

As cs. of the oeff Latitude 1 1° 46' 9.989 1 3 

To Radios 10. 

60 5. of the Dcfiedion 66^ 44^ 9.9^3 Is 

To 1. of the FlaiA*s Diffi of Long. 70* 23' 9.9740J 

Which makes 4 hours 41 min. i. 
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